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A revision of the Indigofereae (Fabaceae) in 
Australia. 1. Indigastrum and the simple or 
unifoliolate species of Indigofera 

Peter G. Wilson and Ross Rowe 


Abstract 

Wilson, Peter G. 1 and Rowe, R. 1 - 2 ('National Herbarium of Neio South Wales, Royal Botanic Gardens, 
Sydney NSW 2000, Australia; 2 present address: Environment Australia, GPO Box 787, Canberra ACT 
2601, Australia) 2004. A revision of the Indigofereae (Fabaceae) in Australia. 1. Indigastrum and the simple 
or unifoliolate species o/lndigofera. Telopea 10(3): 651-682. The first part of a revision of Australian 
representatives of the tribe Indigofereae (Fabaceae) is presented. Two genera are recognised for 
Australia, Indigastrum, with one variable species, Indigastrum parviflorum, and Indigofera. In this 
paper, we give a general introduction to the tribe and treat Indigastrum and those species of 
Indigofera with simple or unifoliolate leaves; the remainder of the species of Indigofera will be 
covered in a future publication. Tire twelve species of Indigofera (ten endemic, one native and one 
introduced) with simple or unifoliolate leaves are fully described and one species complex is 
indicated as worthy of further in-depth study. Where relevant, typification, variation, and 
conservation status are discussed. Five new species of Indigofera are described and illustrated: 
Indigofera ixocarpa, 1. rupicola, 1. petraea, I. pilifera and I. triflora. Two synonyms of Indigastrum 
parviflorum are lectotypified. 


Introduction 

Indigofera and its allies are now widely considered to constitute a group of tribal rank, 
the Indigofereae (Rydberg 1923, Polhill 1981b, Schrire 1995); the tribe is predominantly 
one of the Old World tropics. Polhill (1981a: 199, fig. 4) considered it to be derived from 
a broadly defined, woody 'Tephrosieae' (=Millettieae) and rbc L sequence data (Doyle 
et al. 1997) appear to confirm that this is the case. In the latter study, two diverse 
representatives of the Indigofereae ( Indigofera and Plnjlloxylon) form a strongly- 
supported clade that is associated with representatives of the Psoraleeae, Phaseoleae, 
Desmodieae, Abreae and two representatives of a polyphyletic Millettieae ( Tephrosia 
and Derris); however, this association is not strongly supported by the rbcL data. In 
two more recent studies, of the Milletieae (Hu et al. 2000) based on sequence data from 
the trnK region, and of the genistoid tribes (Crisp et al. 2000) based on ITS sequence 
data, the tribe was well-supported but the topology of that part of the tree varied. 

Schrire (1995) carried out a phylogenetic analysis of the tribe based predominantly on 
taxa from the Africa-Madagascar region. As a result he recognised seven genera, 
Indigofera plus Cyamopsis, Indigastrum, Microcharis, Plnjlloxylon, Rhynchotropis and 
Vaughania, compared with the four accepted by Polhill (1981b). Schrire's study reviews 
the history of the classification of the Tribe and the various taxonomic schemes 
proposed for the genus Indigofera, and provides a revised system of Sections and 
Subsections for taxa from the African region. Schrire's classification accommodates a 
number of widespread taxa and he (Schrire 1995, pers. comm.) has suggested sectional 
and subsectional positions for a number of Australian taxa. Barker et al. (2000) 
followed this study with a molecular survey of the tribe based on sequences from three 
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regions, chloroplast tniL and tin K introns, plus the nuclear ITS spacers, using 
outgroups from the core Milletieae. Their analysis confirmed that Phylloxylon is sister 
to the rest of the tribe. It also supported the generic segregates accepted by Schrire 
(1995) with the exception of Vaughania, which was nested in the Indigqfera clade as 
sister to the anomalous species Indigofera ammoxylum. Barker et al. (2000) conclude that 
further research on the position of Vaughania is required. Schrire et al. (2003) conducted 
a combined analysis of molecular (ITS) and morphological data from 87 species of 
Imiigofera that confirmed the findings of Barker et al. (2000) for the tribe Indigofereae. 
Schrire et al. (2003) also found four monophyletic clades within Indigofera itself: the 
Cape clade, the Boreotropical clade, the Paleotropical clade, and the Pantropical clade. 
All except the Boreotropical clade showed strong bootstrap support in parsimony 
analyses but all four received high likelihood scores under Bayesian analysis. The 
three endemic Australian species in the study (/. pratensis, 1. rugosa and /. australis) 
were members of the Pantropical clade and formed a monophyletic group under both 
parsimony and bayesian analyses. Of the three widespread native species included, 
1. trita, l. trifoliata and l. colutea, the first two were members of the Boreotropical clade 
and the latter of the Paleotropical clade. 

Bentham (1864) was the first to give a full account of the Australian species of 
Indigofera then known. He did not adopt any formal subgeneric classification; he did 
not use the sections set up by de Candolle (1825) or in any way anticipate the 
subgenera he adopted later (Bentham 1865). Bentham merely separated the species 
into two groups labelled 'Herbaceous Species' and 'Shrubby Species'. Apart from the 
contribution of Domin (1926), who described a number of new species and proposed 
a few nomenclatural changes, there has been little revisionary study of the genus in 
Australia. 

Davidson and Davidson (1993) consider the possible time of establishment and 
development of various Australian genera of legumes. Their hypothesis is that one 
group of genera, including Indigofera, first became established in Australia during the 
late Miocene (5-11 Ma) with the widespread appearance of sclerophyllous vegetation. 
They suggest that radiation of these early, established genera may have entered a new 
phase during the early Pleistocene (post 2.5 Ma) during a time of rising temperatures 
and development of more open vegetation types. The most widespread Australian 
species, Indigofera australis, has the distribution, ecological preference and variability 
consistent with a long history in Australia. I. australis, and a number of other 
Australian species with ± glabrous fruits, would fall in Schrire's sect. Psiloceratiae, a 
relatively unspecialised group judging by its position in his published morphological 
analysis (Schrire 1995). Schrire et al. (2003) carried out rate analyses that estimated the 
age of the Pantropical clade to be about 12-20 Ma, which would be consistent with the 
estimate given above for the age of the Australian endemic element. 

Schrire (1995) presents two hypotheses of relationships for the tribe Indigofereae: a 
dadogram and a preferred phylogenetic tree one step longer. There is no major 
difference between these hypotheses. According to this analysis, the other genera in 
the tribe are basal and are either restricted to, or centred on, the Africa-Madagascar 
region. There are around 540 species of Indigofera in the same area and it should be 
noted that, within the genus, the widespread species and many of the tropical Asian 
and Australian species fall into the more derived groups. Schrire does not specifically 
mention American endemic species but, from bis treatment of the sections set up by 
Rydberg (1923), these seem to fall into a variety of basal and derived groups. This 
clearly points to an origin of the tribe in West Gondwana with Indigofera itself 
extending to Australia and South America where it has diversified further. The later 
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analysis of Schrire et al. (2003) does not contradict these general conclusions. Species 
from northern Africa and Asia seem to belong to either more derived or to pantropical 
groups. This could indicate a more recent radiation of species by way of northern 
Africa to Asia and from there to Australia. Although most of the non-endemic species 
in Australia have distributions consistent with this hypothesis, there is no easy 
explanation for the absence of Indigastrum parviflorunt (formerly Indigofera parviflora) 
from Burma (Sanjappa 1985) and other parts of Southeast Asia (de Kort & Thijsse 1984). 

Schrire (1995) recognised infrageneric taxa for African species of Indigofera and had 
suggested (in litt. 1992) placement of some Australian species in this scheme. 
However, as a result of the analyses presented in Schrire et al. (2003), some of the 
relationships suggested in the earlier paper have been questioned and the 
classification system requires modification. So, in the present paper, the affinities of 
many Australian taxa are be suggested (in notes under individual species) but 
placement of endemic Australian species in sections or informal groups is not 
attempted in any systematic way. 


Morphology 

Schrire (1995) discusses a large number of morphological characters as a prelude to his 
cladistic analysis. We will consider only some of these characters, and then mostly in 
relation only to endemic Australian taxa. 

Habit 

As indicated by Schrire, the type of habit is likely to be of phylogenetic importance. 
The Australian species can be divided roughly into three categories based on habit. 
Plants that could be described as shrubs or large shrubs, such as Indigofera brevidens, 
I. australis, I. adesmiifolia and some members of the I. pratensis group, occur 
predominantly on the east coast in more mesic habitats or on better soil types. This 
accords well with Schrire's designation of this type of habit as plesiomorphic. Next, 
there are those species that occur as subshrubs or perennial herbs, for example 
I. cfoliata, l. baileyi, l. triflora, the I. georgei and t. rUgosa groups, and other members of 
the I. pratensis group; these occur in the more arid or seasonally dry parts of Australia. 
Annual herbs are apparently uncommon amongst the endemic species, with only two 
annual species, I. haplophylla and I. ammobia; these occur in the monsoon tropics 
(I. haplophylla) and the Tanami and Great Sandy Deserts (I. ammobia). The native 
species with wide extra-Australian distributions, particularly l. colutea, I. hirsuta, 
I. linnaei, l. linifolia and Indigastrum parviflorunt, occur in a wide variety of habitats, 
mostly towards the northern parts of the continent, and often in disturbed sites. It is 
highly likely that these taxa now occupy a greater range than they did before 
European settlement and there is also a strong possibility that the Australian 
populations of these species have been augmented by the introduction of seed from 
non-Australian sources. 

Trichomes/emergences/'glands' 

The tribe Indigofereae is characterised by biramous hairs. This is one of only a few 
morphological synapomorphies for the tribe. The biramous hairs predominantly have 
arms of equal lengths but in some species unequally biramous hairs occasionally 
occur. Indigofera hirsuta is well documented as having very unequally biramous hairs 
(Gillett 1958,1971: fig. 45/13, Prabhakar et al. 1985: figs 7-9, Schrire 1995: plate 3e) to 
the extent that they may superficially appear simple. 


654 


Telopea 10(3): 2004 


There are a number of different types of multicellular trichomes or emergences found 
in the tribe. These have long been recognised at species level and were used by 
Rydberg (1923) to define two Sections in Indigofera. The first kind of multicellular hair 
is the sticky, gland-tipped type found in I. colutea and /. adenotricha. In I. colutea, the 
density of these hairs varies markedly; some specimens are very heavily clothed in 
them, in others they are virtually restricted to the fruit, and in rare cases they seem to 
be lacking altogether. In the few available specimens of I. adenotricha, the gland-tipped 
hairs occur on all parts of the plant; the glandular tips of the hairs are about twice the 
size of those found in J. colutea. 

Schrire (1995) includes the other prominent types of multicellular emergence under 
the category 'pearl bodies' but the definition of pearl bodies that he gives (citing 
O'Dowd 1982, see also Uphof 1962: 165) does not seem appropriate for the various 
structures observed in Australian species. None are lustrous and pearl-like, and none 
appear to be filled with lipid. However, Schrire (1989: 241) records that he had 
personally observed small, red, multicellular 'glands' in the leaf axils of some African 
species being 'milked' by ants; we have not observed this in any Australian species. 
Both O'Dowd and Uphof acknowledge that these structures are of heterogeneous 
origin in dicots and there is no evidence to indicate whether or not the main forms that 
occur in Indigofera are homologous. Schrire recognises two main classes, the clavate to 
cylindrical type and the hollow-discoid type, and he himself treats them as 
independent characters in his analysis. These structures are both commonly called 
'glands' in the literature but it has not been demonstrated that they have any 
glandular function. In this study we avoid use of the terms 'gland' and 'pearl body' 
for these structures and refer to these emergences merely as multicellular hairs or 
trichomes. 

The clavate type of multicellular hair is very common in Australian species, although 
they are often inconspicuous and only occur in conspicuous clumps in a few species, 
viz. I. adesmiifolia, 1. australis, I. bancroftii, l. brevidens, I. centralis ms., /. coronillifolia, 
1. Imematica and I. hclmsii. They also form conspicuous clumps in the axils of the 
stipules in many specimens in the western Australian form of l. australis. These 
structures are orange-red to deep red in colour, the colour darkening with age. In a few 
species, clavate emergences may occur scattered on other parts of the plant, 
particularly on inflorescence axes and sepal margins (for an example of this, see 
Schrire 1995: fig. 6f). A variation of the usual clavate type occurs in l. circinella where 
they are more conical than club-shaped. 

A probable variant of the clavate type is found in a few species. In these taxa the 
multicellular trichomes are uniseriate rather than multiseriate and are less rigid; they 
appear pointed. They are borne in similar places to the clavate type, i.e. on the rachis 
between leaf pairs and at the leaf axil. These linear trichomes are characteristic of, and 
well-developed in, l. decipiens ms. but are found to varying extents in a range of other 
species. 

The hollow-discoid type of emergence (Prabhakar et al. 1985) is characteristic of 
I. trifoliata and I. glandulosa; they are visible on the undersurface of the leaflets as 
yellow to dark brown spots. 

Two Australian species, I. ixocarpa and I. verruculosa, have small, wart-like, 
multicellular emergences that are found on most aerial parts of the plant; to our 
knowledge, emergences like these have not been recorded for any extra-Australian 
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species. They do not appear to be stalked and may arise from depressions in the 
epidermis in the same way as the hollow-discoid type; anatomical investigation is 
needed to confirm this. In I. ixocarpa these structures appear to be the source of a viscid 
exudate that covers the stems, leaves and fruits while in /. verruculosa no such exudate 
is produced. 

Leaves 

Leaves are pinnate (imparipinnate), trifoliolate, unifoliolate or simple. Unifoliolate 
and simple leaves have arisen many times in unrelated species by reduction. Gillett 
(1958) stresses that the distinction between simple and unifoliolate leaves should not 
be given too much significance, as the distinction is not always easy to apply. 
However, for the Australian species, we will maintain the distinction: unifoliolate 
leaves are defined as having a distinct articulation in the 'petiole', in many cases with 
stipellae present; the distal portion of the 'petiole' is homologous with the petiolule or 
leaflet stalk. Simple leaves, on the other hand, are defined as having a short, uniform 
petiole. 

Leaflets are usually opposite on the rachis but are markedly alternate in a few species. 
In a few cases (I. efoliata and I. adesmiifolia) they are reduced and ± caducous leaving 
phyllode-like rachises. This phenomenon is variable in l. adesmiifolia and is best 
developed in those populations with wider rachises and smaller leaflets. Stipellae are 
usually small or absent, but are conspicuously present (regularly 1 mm or more long) 
in at least seven species and are smaller, but discernible, in many others. In I. oxyrachis, 
the weakly spinescent rachis-tip appears to have been formed by fusion of the distal 
pair of stipellae. 

Stipules are mostly small, ± triangular and inconspicuous but some are more 
elongated, verging on setaceous. Stipules with scarious margins are found in one 
widespread native species (I. linnaei), and a few introduced species (I. circinella, 1. 
cordifolia, 1. hendecaphylla and I. spicata). It is worthy of note that all these species, except 
the simple-leaved 7. cordifolia, have leaflets that are alternate on the rachis. Two other 
species, in particular, have rather specialised stipules. I. helmsii has broad triangular 
stipules that become recurved, hardened and somewhat spinescent. I. cormiligera ms. 
has stipules that are linear and tapering but become thickened at the base to produce 
a hardened horn-shaped organ. 

Flowers 

Schrire (1995) gives a very detailed account of the variation in floral morphology in the 
tribe Indigofereae. He remarks that the more plesiomorphic taxa in the tribe, and in 
Indigofera itself, have calyx lobes that are shorter than to ± equal to the length of the 
tube. Bentham (1864) recognised this and used the length of the calyx lobes relative to 
the tube as a major key character in his Flora Australiensis. 

Schrire scores pink to mauve or white flowers as plesiomorphic in the tribe. The 
Australian species have flowers that are predominantly pink to mauve in colour but a 
few are red-flowered. I. haematica has a maroon standard but the other petals are 
pinkish. Occasional white-flowered forms of usually red-flowered species have also 
been recorded (e.g. in I. erubescens ms.). 

Corolla indumentum is one of the main distinguishing characters between Indigofera 
and Indigastrum with the latter characterised by a glabrous corolla. In Indigofera, the 
back of the standard and the apex and upper margin of the keel are usually noticeably 
hairy, sometimes with dark-coloured hairs. Apart from the lack of hairs, Indigastrum 
parviflorum also has a keel that is open and somewhat spathulate at the apex; Schrire 
calls this a 'prolonged rostrum'. 
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The keel also has what Schrire (1995) calls 'lateral prominences' which take the form 
of pockets or spurs and which may interlock with the wings to produce a platform 
level with the upper margin of the keel. Nair and Tewari (1975) show that the tips of 
the spurs in Indigofem etmeaphylla (= I. linnaei) are glandular and apparently exude 
nectar. In Indigastrum these pockets are rather shallow while in species of Indigofem 
they are prominent and spur-like. The interlocked wings and keel have long been 
known to be tripped by probing at the base of the flower (e.g. Henslow 1867) with the 
stamens and style remaining in their former position (see Fig. 3c). The falling platform 
releases a cloud of pollen that may effect self-pollination but may also serve to deposit 
pollen on the abdomen of an insect. Hence, the tripping of the flower may increase 
out-crossing although many, perhaps all, species are self-compatible. Standard length 
and staminal tube length have been stressed in the keys and descriptions since the 
tripping of the flowers very often results in the wings and keel falling from the flower. 
The staminal tube is persistent and can usually be measured in fruiting specimens. 

Schrire considers that a synapomorphy for many groups of herbaceous taxa in 
Indigofem is the combination of short ovary and long style; however, he does not 
quantify this. In species found in Australia, some species that have few-seeded fruits, 
and therefore short ovaries, do have relatively long styles but this is not restricted to 
herbaceous taxa; in fact, the introduced herb I. sessiliflom has a style shorter than the 
ovary. Amongst the native, shrubby taxa, l. rugosa and I. tryonii have styles 1-2 times 
longer than their ovaries while I. pilifera has a style that is over twice the length of 
the ovary. 

Anthers of Indigofem species almost always have a dark coloured connective. They are 
usually glabrous but in some species there are tufts of hairs at the base and sometimes 
at the apex as well, as is the case in the introduced species I. decora. These hairs have 
also been recorded in I. rugosa. A few hairs at the base of the anther have occasionally 
been observed in a few species (including I. baileyi) but Schrire scores hairs absent or 
few as plesiomorphic in the tribe. In this study, green anthers were observed in at least 
some specimens of the related species I. haplophylla and I. ammobia. 

Pollen 

In a survey of the pollen morphology of the Indigofereae, Ferguson and Strachan 
(1982) sampled six species from specimens collected in Australia. Three of these 
species were endemics, viz., Indigofem australis, I. 'brevidens' (=1. gilesii ms.) and 1. 
‘haplophylla' (=/. rupicola). The first two were classed as Type 1, Subtype IC and the 
third was classed as Type III. The only taxon from Australia with Type IV pollen was 
the widespread I. linnaei. Ferguson and Strachan comment that Type I pollen occurs in 
predominantly woody groups and that there is a transition to Type III in more shrubby 
taxa, while Type IV occurs in more herbaceous groups which they consider as likely to 
be morphologically derived. Schrire (1995) considered that Types I and III graded into 
each other and that they represented the plesiomorphic state compared with Type IV 
pollen. 

Wu and Huang (1995) propose a somewhat different classification of pollen in their 
study of Taiwanese Indigofem species and recognise five types rather than four. They 
include a number of species that occur in Australia, either as adventives (I. tinctoria 
[Type I], l. spicata [IV] and 1. suffruticosa [VI) or as natives (1. hirsute [Type II], I. linifolia 
[III] and I. trifoliata [IV]). Tire only species common to the two studies was /. trifoliata, 
which Ferguson and Strachan (1982) put into their type III. Wu and Huang (1995) also 
consider Type I pollen to be plesiomorphic and that both Types III and IV have arisen 
through modification of Type II pollen; Type V may be derived from Type IV or, 
perhaps, from a sub-type of Type I (Wu & Huang 1995: Fig 117). 
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Schrire and Sims (1997) examined pollen of 86 species in the tribe Indigofereae from 
Africa and Madagascar. Based on a phenetic analysis of pollen features, these authors 
recognised three groups within Indigofera itself, which they call groups A-C. 
Comparing these groups to the pollen types of Ferguson and Strachan (1982) they 
found Group A to be most comparable to Type 1C, Group B to Type 3 and Group C to 
Type 4C. Compared to the phylogenetic analysis of Schrire (1995) they found that in 
sect. Indigofera the larger-flowered, more plesiomorphic species had Group A pollen, 
while the more derived, smaller-flowered species were referable to Group B. Group C 
pollen characterises many of the derived tropical members of the genus. 

Pod 

Schrire (1995) discusses features of the fruit relevant to the Australian taxa and these 
will not all be repeated here. De Kort and Thijsse (1984: 93) were the first to recognise 
that all species have a persistent fruit-base that remains with the calyx and staminal 
tube after the valves of the open pod have fallen. Schrire considers this a 
synapomorphy for the tribe. 

There is much variation in size, orientation and indumentum. Schrire scores glabrous 
pods as apomorphic. Pods that are glabrous or have very few hairs occur fairly 
commonly in Australian species. Orientation, the angle at which the pod is held on tire 
axis of the infructescence, is often distinctive for a species but in other cases the angle 
seems to vary. Most endemic species have terete pods but pods are noticeably 
subtorulose in at least one species, 1 . chamaedada ms., and slightly so in some others. 

Virtually all endemic species have endocarp tannins present. The exceptions, apart 
from I. ewartiana and I. polygaloides, which are members of the l. trita group (Wilson & 
Rowe 1994), are I. baileyi and I. mackinlayi ms. However, the last two species are 
variable in this and faint spots are visible in some specimens. 

Chromosome numbers 

The base chromosome number for Indigofera is x=8 (Frahm-Leliveld 1966, Goldblatt 
1981) with occasional tetraploids (2n=32); Indigastrum has a base number of x=7. As far 
as we cair determine, there is only one chromosome count for an endemic Australian 
species, although counts exist for all widespread native and introduced species. Gupta 
and Agarwal (1982) record n=8 for I. brcvidcns, but this name has been one of the most 
widely misapplied Indigofera names in Australia so, in the absence of a voucher, it is 
uncertain which species they examined. Further investigation would be required to 
establish whether species from arid Australia show a higher incidence of polyploidy, 
as implied by Frahm-Leliveld (1966). 

Toxicity 

Non-protein amino acids: two toxic non-protein amino acids occur in Indigofera, 
canavanine and indospicine, both analogues of arginine. Canavanine is fairly toxic to 
some insects but is apparently harmless to mammals. Indospicine, on the other hand, 
is a strong hepatotoxin. An analysis of numerous seed samples (Charlwood et al. 1984) 
found measurable levels of indospicine in only six species, including I. trita, I. hirsute 
and I. spicata. The delimitation of l. spicata has been reassessed (Du Puy et al. 1993) and 
I. hendecaphylla is now recognised as separate from it. It is not certain that both these 
species have been implicated in poisoning cases, but some published records (e.g. 
Morton 1989) definitely refer to I. hendecaphylla. As far as we are aware, there have 
been no reports of poisoning by I. trita or /. hirsuta. Indigofera linnaei is known to cause 
the condition 'Birdsville Disease' in horses, and although this species does contain 
indospicine (Dowling & McKenzie 1993:78, Bruneton 1999: 279), which can affect dogs 
fed with contaminated horsemeat, this 'disease' is a neurological disorder and is not 
caused by Indospicine. 
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Aliphatic nitrocompounds: compounds derived from P-nitropropionic acid (NPA) 
have been recorded from very many species of Indigofera and may even occur in all of 
them. It has been suggested that NPA could be toxic by causing methaemoglobinaemia 
(through oxidation of haemoglobin hence blocking its oxygen-carrying ability). 
Similar nitrocompounds in Astragalus are known to have this effect but there is no 
evidence that any Indigofera species does. Although the precise cause of 'Birdsville 
Disease' is not known, some researchers (e.g., Majak et al. 1992) have suggested that 
NPA is implicated in some way. 


Systematic treatment 

Where possible, taxa have been lectotypified. Nomenclatural issues and questions 
were addressed in accordance with the International Code of Botanical Nomenclature 
[ICBN] (Greuter et al. 2000). 

Key to genera of Indigofereae in Australia 

Standard glabrous; keel rostrate; fruit somewhat bilaterally flattened, partitions between seeds 
membranous, endocarp never spotted .„... Indigastrum 

Standard with hairs on back; keel not rostrate; fruit ± round (rarely somewhat tetragonal) in 

section, partitions between seeds (when present) usually pithy, endocarp often spotted . 

. Indigofera 


Indigastrum 

Indigastrum Jaub. & Spach, Ill. PI. Or. 5: 101, t. 492 (1856) 

Indigofera 'group' Indigastrum (Jaub. & Spach) Bak. f., Leguminosae Trap. Afr. 1: 161 
(1926) 

Indigofera subg. Indigastrum (Jaub. & Spach) Gillett, Kew Bull., Add. Ser. 1: 123 (1958) 
Type: I. deflexum (A. Rich.) Jaub. & Spach (= I. parviflorum). 

Annual herbs or subshrubs. Indumentum of equally two-armed hairs, appressed; 
multicellular and glandular hairs absent. Leaves pinnate, rarely 1-3-foliolate (but 
never exclusively unifoliolate); stipellae absent. Stipules present, not persistent or 
spinescent. Inflorescence a pedunculate axillary raceme; flowers pedicellate; bracts 
caducous. Calyx lobes 5, equal to or longer than the tube, with a broad u-shaped sinus 
between the upper lobes. Corolla pink, mauve or white; standard glabrous, base 
narrow, gradually tapering to the claw; wings glabrous; keel glabrous, lateral pockets 
pouch-like, apex open, ± spathulate. Stamens 10, 9 filaments connate and 1 free; 
filaments alternating long and short; anthers apiculate, glabrous or anthers of the 
shorter stamens rarely with scales at the base. Ovary sessile, pubescent; ovules 
numerous. Style shorter than the ovary, incurved; stigma oblique. Pod usually straight 
and descending, linear, terete to slightly bilaterally flattened; endocarp never spotted. 
Seeds cylindrical or cuboidal, never globose, separated by papery outgrowths of the 
endocarp. Chromosome number 2n = 14. 

Indigastrum parviflorum (Wight & Arn.) Schrire, Bothalia 22:168 (1992) 

Indigofera parviflora Heyne ex Wight & Am., Prod. FI. Pen. Ind. Or.: 201 (1834) 

Type citation: 'Heyne! in Wall.! L. n. 5457; Wight] cat. n. 859.—Mysore; Heyne. 
Cunnawady.' 
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Type (fide Schrire 1992): India, in herb. Wallich no. 5457, Heyne s.n. (K). 

Anila parviflora (Wight & Arn.) Kuntze, Rev. Gen. PI. 2: 939 (1891) 

Indigofera oxycarpa F. Muell., Fragm. 3:103 (1862) nom. illeg., non Desv. (1814) 

Type citation: 'In collibus petraeis nec non ripas glareosas secus flumina Victoriae et 
Sturt's Creek.' 

Lectotype (designated here): Sturts Creek, F. Mueller s.n. (MEL 586188, fruiting 
element). 

Indigofera brachyodon Domin, Biblioth. Bot. 89 (3): 189 (1926) 

Type citation: 'Queensland: Grassflachen der Rolling Downs zwischen Hughenden 
und Mt. Walker (Domin II. 1910)'. 

Lectotype (designated here): Locis graminosis in collibus Rolling Downs inter opp. 
Hughenden et Mt. Walker, Domin 4532, Feb 1910 (PR 527209). 

Illustrations (all as Indigofera parviflora ): Hacker (1990: 184) photo; Milson (1996: 50) 
photo; Wilson (1992) fig. 125B. 

Erect, annual herb 0.2-0.75(-1.5) m high, with taproot. Young stems ridged, green, 
strigose; hairs moderately dense, appressed, equally biramous. Leaves pinnate, rarely 
uni- or trifoliolate; leaflets (l-)5-ll. Petiole (3-)7-15(-20) mm long. Rachis furrowed; 
multicellular hairs between leaflet pairs absent; stipellae absent. Leaflets linear to 
narrowly elliptical or ovate, (10-)20M5 mm long, 1-6 mm wide, opposite. Upper 
surface of leaflet green, glabrous, or rarely sparsely hairy; hairs (if present) appressed. 
Lower surface of leaflet green, hairs sparse to moderately dense, appressed. Discoid 
glands on lower surface absent. Veins not prominent. Apex obtuse and shortly 
mucronate. Stipules narrowly triangular or subulate, 1-1.9 mm long, sparsely 
pubescent, not persistent or spinescent. Inflorescence (2-)10-30(—40) mm long, shorter 
than the leaf. Peduncle 0.5-0.9 mm long. Bracts ovate, 0.3-1.1 mm long. Flowers 
purplish to pinkish to red or orange. Pedicel 0.5-0.9 mm long. Calyx 1.5-3 mm long; 
hairs sparse to moderately dense, white, appressed; lobes equal to or longer than the 
length of the tube, unequal to subequal. Standard reddish, obovate, 5.9-6.5(-7.2) mm 
high, (3.5-)4.5-5.2 mm wide. Wing narrowly obovate, 6.5-8 mm long, (2.0-)2.7-3.5 mm 
wide. Keel 5.5-77 mm long, 1.2-1.5 mm wide, glabrous; apex spathulate, drawn out 
from body of the keel (1.0-)l.4-2.2 mm. Lateral pockets present but inconspicuous, 
0.1-0.3 mm long. Stamens colourless. Staminal tube 3-3.8 mm long. Ovary moderately 
hairy with fine hairs. Pod descending, somewhat bilaterally flattened, (12 )20—40(—48) 
mm long, 2-3 mm deep, yellowish or brown, strigose; hairs moderately dense, 
appressed; apex upturned, shortly beaked; endocarp not spotted. Seed (10-)14 per 
fruit. 

Notes: the basionym Indigofera parviflora is yet to be lectotypified. Although a 
particular specimen was indicated by Schrire (1992), there are a number of specimens 
at Kew that are consistent with the citation in the protologue; a lectotype is to be 
chosen from these syntypes (Schrire pers. comm.). 

Although a poor specimen in other respects, we have chosen the fruiting element on 
the sheet MEL 586188 as lectotype of Indigofera oxycarpa. The fruits are unquestionably 
of lndigastrum parviflorum and Mueller's taxon was named for the distinctive fruit 
shape. The other two sheets at Melbourne (MEL 586184, 586185) and the two at Kew, 
all from the Upper Victoria River, consist only of flowering specimens. 
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Domin (1926) recognised I. brachyodon as distinct from I. parviflora based only on the 
short calyx lobes of his specimen. There are three sheets at PR containing type 
material; the material is presumably all part of a single collection (the 'collecting 
numbers' were added later). Of these, we have chosen the sheet PR 527209 as 
lectotype. This sheet consists of a single plant, including roots, that is both flowering 
and fruiting; PR 527210 has two flowering stems, without roots, that may not come 
from the same plant, and PR 527208 is a mixed sheet. 

A few specimens from near Pine Creek, one from Litchfield National Park, and a few 
from north-eastern Queensland have only 1-3 leaflets and these seem also to have a 
more slender habit. In Africa, a separate subspecies (subsp. occidentalis) is recognised 
for populations with a lower leaflet number. A more detailed analysis of Australian 
populations might lead to the recognition of infraspecific taxa, but a study of the 
species across its entire range would be desirable to place this variation in context. 

Distribution and habitat: Queensland, Northern Territory, and Western Australia: 
recorded from heavy black or red clay soils, gravelly loams or sand in grasslands and 
open savanna woodlands. It often occurs on roadsides and disturbed sites and is thus 
considered a weed (Lazarides et al. 1997). Beyond Australia it is recorded from north¬ 
eastern to southern Africa and India. 

Selected specimens: Queensland: Burke: Mount Walker, S of Hughenden, Wilson UNSW 7 3453 & 
Puttock, 23 Apr 1982 (NSW, UNSW); 35 km N of Julia Creek on the Normanton road, Pullen 10425, 
21 Mar 1977 (CANB); 67 km WNW of Mount Isa, 6 km N of Mingera, Harris 647, 9 Mar 1991 (NSW). 
Cook: 45 km from Walsh River crossing on Mungana-Wrotham Park road, Clarkson 3020, 9 Mar 
1980 (BRI); 2 km NE of Marina Plains turn-off on tire Musgrave to Lakefield road, Clarkson 7111 & 
Simon, 9 May 1987 (BRI, NSW, QRS); 36.3 km from Dixie Station on the track to Killarney, Clarkson 
8155 & Neldner, 5 June 1989 (NSW); 24.2 km S of Batavia Downs on the Peninsula Development 
Road, Clarkson 8327 & Neldner, 19 Apr 1990 (NSW); 2.8 km from Lappa on road to Sunnymount, 
Clarkson 9197, 23 Feb 1992 (NSW). Gregory North: Mimong, Blake 11512, 16 May 1936 (AD, BRI). 
Leichhardt: Tanderra (Nardoo), c. 45 miles SW of Springsure, Johnson 1315, 15 Feb 1960 (BRI, 
CANB). Maranoa: Mt Abundance, 1.5 miles [c. 2.5 km] from Mitchell Highway, Martin s.n., 25 May 
1962 (BRI). Mitchell: Athol, c. 20 miles W of Blackall, Everist 3805, 28 May 1949 (BRI); 13.5 km east 
of Hughenden on road to Charters Towers, Blaxell 89/059, Johnson & D'Aubert, 26 July 1989 (NSW). 
Warrego: Morven, Blake 10992, 2 Apr 1936 (BRI, CANB). 

Western Australia: Fitzgerald: Inglis Gap, Gibb River Road;' Wilson 220, 10 May 1988 (NSW, 
PERTH). Fortescue: 1.9 km WNW of Wittenoom turn-off. North West Coastal Highway, Wilson 
1007, Rowe & Mitchell, 10 Sep 1991 (NSW, PERTH, PRE, K, L); c. 30 km W of Millstream homestead 
on Pannawonica road, c. 2 km N of McCarthys Bore, Mitchell PRP203, 31 Mar 1994 (NSW). 
Gardner: above and about Port Warrender, Symon 10240, 29 May 1975 (PERTH); 40 km E of 
Kununurra, Andrew 287, 17 Jan 1979 (DNA). 

Northern Territory: Barkly Tableland: 3 miles [c. 4.8 km] NW Alexandria homestead, Chippendale 
NT 1896, 22 Mar 1956 (BRI, DNA, NSW). Central North: 8 miles [c. 12.8 km] S of Tobermorey 
Homestead, l.atz 2536,22 May 1972 (CANB, DNA); approx. 2 miles W of Argadargada H.S., Nelson 
168, 2/ Mar 1962 (DNA). Central South: 13 miles [c. 20.8 km] S Hamilton Downs Station, Maconochie 
85, 7 Apr 1967 (NSW); Mt Riddoch area. Harts Range, Beaugtehole 44426, 25 May 1974 (MEL, NSW). 
Darwin & Gulf: c. 15 miles [24 km] NE of Pine Creek township, Lazarides 157 & Adams, 11 Mar 1965 
(CANB, DNA); Fossil Head, Leach 4226, 23 Feb 1994 (NSW); Kapalga, Dunlop 6056 6 Taylor, 9 Mar 
1982 (NSW); Dunlop 7676, 29 Feb 1988 (NSW). Victoria River: 3 km W of Timber Creek, Wilson 198 
& Jacobs, 7 May 1988 (NSW, BRI, DNA); Middle Creek, Top Springs-Victoria River Downs road, 
c. 25 km E of VRD, Beaugleliole 54563, 10 July 1976 (DNA, MEL); 67.7 miles NE Tanami, Chippendale 
NT 5703, 13 Apr 1959 (CANB, DNA). 

South Australia: Lake Eyre: 9 km S of Cordillo Downs, Williams 8304, 2 June 1976 (AD); 2 miles SE 
Alka-Seltzer Bore, Mt Dare Station, Latz 4762, 3 Apr 1974 (CBG, DNA). 
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Indigofera 


Indigofera L., Sp. PI. 2: 751 (1753) 

Anil Mill., Gard. Diet. ed. 4: 95 (1754) 

Indigo Adans., Fam. PL: 326 (1763) 

Anila Ludwig ex Kuntze, Rev. Gen. PI. 1:159 (1891) 

Type: /. tinctoria L. (lectotype designated by Britton & Brown 1913: 371) 

Sphaeridiophorum Desv., J. Bot. 1: 125 (1813) 

Type: S. linifolium (L.f.) Desv. [= /. linifolia (L.f.) Retz.] 

Indigofera subg. Sphaeridiophora Benth., in Benth. & Hook, f., Gen. PI. 1: 494 (1865) 
Bremontiera DC., Ann. Sci. Nat. ser. 1, 4: 94 (1825) 

Type: B. ammoxylum DC. [= I. ammoxylum (DC.) Polhill] 

Hemispadon Endl., Flora 15: 385 (1832) 

Type: H. pilosus Endl. [= I. pilosa Poir.] 

Oustropis G. Don, Gen. Syst. 2: 214 (1832) 

Type: O. microphyllus (Hook.) G. Don [= I. gracilis Spreng.] 

Eilemanthus Hochst., Flora 29: 593 (1846) 

Type: E. s trobilifer Hochst. [= I. strobilifera (Hochst.) Bak.] 

Acanthonotus Benth., in Benth. & Hook., FI. Nigrit.: 293 (1849) 

Type: A. echinatus (Willd.) Benth. [= I. nummulariifolia (L.) Alston] 

Indigofera subg. Acanthonotus (Benth.) Benth., in Benth. & Hook, f., Gen. PI. 1: 494 
(1865) 

Indigofera subg. Amecarpus Benth. ex Harv., in Harv. & Sond., FI. Cap. 2: 201 (1862) 
Type: /. sessilifolia DC. (lectotype designated by Gillett 1958: 9) 

Annuals, subshrubs or shrubs. Indumentum typically of two-armed, sometimes with 
multicellular and/or gland-tipped hairs as well. Leaves simple, unifoliolate, 
trifoliolate or pinnate, discolorous; stipellae present in some species, persistent. 
Stipules present, sometimes spinescent and persistent. Inflorescence a pedunculate 
axillary raceme; flowers pedicellate; bracts usually deciduous, occasionally persistent. 
Calyx lobes 5, subequal or the lowermost longer; sinus between upper lobes v- to u- 
shaped. Corolla red or pink to purple; standard hairy on adaxial surface, base abruptly 
tapering to the claw; wings variously hairy; keel hairy at apex and upper margin 
fringed, lateral pockets spur-like. Stamens 10,9 filaments connate and 1 free; filaments 
alternating long and short; anthers apiculate, glabrous or with tufts of hairs at the apex 
and/or the base. Ovary sessile, usually pubescent; ovules 1, 2 or numerous. Style 
longer, or sometimes shorter, than the ovary, incurved; stigma capitate. Pod straight or 
curved, spreading to descending, rarely ascending, globose to linear, terete or 
sometimes angular, usually dehiscent; endocarp very often spotted. Seeds globose to 
cylindrical or cuboidal, separated by papery or pithy outgrowths of the endocarp. 
Chromosome number 2n = 16, 32. 
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Key to species 


1 Leaves all unifoliolate or apparently simple . 2 

1 Leaves pinnate or trifoliolate .see Part 2 (Wilson & Rowe, in prep.) 


2 Leaves apparently simple . 3 

2 Leaves unifoliolate, articulate on the petiole . 9 

3 Pod at least 10 mm long; flowers pink to purple. 4 

3 Pod up to 3 mm long; flowers red . 8 

4 Stems covered with small wart-like protuberances; fruits viscid . 1.1. ixocarpa 

4 Stems lacking wart-like protuberances; fruits not viscid . 5 

5 Stipules mostly < 1 mm long. 6 

5 Stipules 1.2-3.5 mm long . 7 


6 Leaves usually 3 mm wide . 2.1. haplophylla 

6 Leaves linear, 1 mm wide . 3.1. ammobia 


7 Leaves linear to narrowly elliptical, < 8 mm wide. 4.1. triflora 

7 Leaves obovate or elliptical (rarely oblong), usually > 10 mm wide. 5.1. rupicola 

8 Leaves linear to narrowly elliptical. 6.1. linifolia 

8 Leaves broadly ovate to elliptical, cordate . 7.1. cordifolia 

9 Pod usually < 20 mm long, 4-5-seeded..:. 10 

9 Pod usually > 20 mm long, 6-10-seeded. 12 

10 Leaf surface with long, spreading hairs. 9.1. pilifera 

10 Leaf surface densely tomentose . 11 


11 Leaf with conspicuously impressed veins; calyx lobes 3.5-5.5 mm long; corolla 6-10 mm long 

. 8.1. rugosa 

11 Leaf lacking conspicuously impressed veins; calyx lobes 1.4—2.3 mm long; corolla 3-4 mm 


long. 10.1. petraea 

12 Petiole 3-9 mm long; staminal tube 5-7 mm long. 11.1. monophylla 

12 Petiole 9-21 mm long; staminal tube 3-4 mm long . 12.1. schultziana 


Systematic treatment - species with simple or unifoliolate leaves 

The simple-leaved taxa appear to fall into two groups: the species with long pods (spp. 
1-5) into sect. Planisilicjuae Wight & Am., Prod. FI. Ind. Or. 1: 200 (1834), and those with 
short pods (spp. 6, 7) into sect. Brachycarpae Wight & Am., Prod. FI. Ind. Or. 1: 198 
(1834). The unifoliolate taxa, likewise do not constitute a single relationship group. 
Schrire (pers. comm.) has suggested that most of them should be distributed through 
a number of subsections of sect. Psiloceratiae (Gillett) Schrire, but that I. rugosa is not 
related to the rather similar-looking plants in the l. monophylla complex. In the case of 
I. schultziana, it is clear that this species is closely allied to /. saxicola and is, therefore, 
a unifoliolate member of the I. pratensis group. So, the simple and the unifoliolate taxa 
do not form two natural groupings and most, if not all, species considered here are 
thought to be related to species with pinnate leaves. 


























Wilson and Rowe, A revision of the Indigofereae in Australia 1 


663 


1. Indigofera ixocarpa Peter G. Wilson & Rowe, sp. nov. 

Ramuli foliaque verrucis parvis numerosis instructa; folia simplicia lamina 
conduplicata et apice recurvato; inflorescentiae longae, folia excedentes; flores parvi, 
malvacei; fructus viscidi. 

Holotype: Western Australia: Beatons Pool, 1 km NW of Nullagine, Newbeu 10092, 31 
Mar 1984 (PERTH). Isotypes: NSW, K. 

Spreading somewhat rounded shrub, 0.4-0.8 m high; young stems terete, green and 
covered with small green, red or black warts which also occur on the leaf margin and 
lower surface, stems, stipules and bracts; hairs sparse, appressed, equally biramous. 
Leaves simple; stipules triangular to linear, 0.4-3 mm long, glabrescent, not spinescent, 
not persistent, adnate to the leaf base and falling with it; petiole 0.7-1.5 mm long; 
multicellular hairs in the leaf axils lacking; stipellae absent. Lamina very narrow and 
obovate, or linear, 20-47 mm long; 1—3(—6.0) mm wide, with the sides folded upwards 
about the midrib with the edges usually meeting and the mucronate apex distinctly 
down-turned or hooked; upper surface green, with sparse, appressed hairs; lower 
surface green with sparse, appressed hairs; veins not prominent. Inflorescences 
80-180 mm long, longer than leaves; peduncle 15-22 mm long; bracts triangular, 
0.7-1.2 mm long; flowers pink to purple; pedicel 0.5-0.8 mm long. Calyx 1.8-2.5 mm 
long, with subequal lobes equal to the length of the tube, and moderately dense, white, 
appressed hairs. Standard pink, elliptical to obovate, 3.5—4.5 mm high, 3 mm wide. 
Wings oblong, 3.5-4 mm long, 1—1.3 mm wide. Keel 4-4.8 mm long, 1.5 mm deep; 
lateral pockets 0.8-0.9 mm long; apex beaked; hairs moderately dense, golden to 
brown, along the bottom. Staminal tube 2.5-3 mm long, colourless. Ovary sparsely 
hairy. Pod ascending to descending, terete, 16-26 mm long, 2.5-3.5 mm deep, brown, 
glabrous but covered with sticky fluid; apex shortly pointed; endocarp spotted; seed 
6 per fruit. (Fig. 1). 

Notes: I. ixocarpa is likely to be most closely related to I. verruculosa from Arnhem Land 
by reason of the shared occurrence of the small warty protuberances, although the 
sticky coating on the fruits and young stems of /. ixocarpa does not occur in I. 
verruculosa. The simple (rather than unifoliolate) leaves, the long inflorescences, the 
small pink flowers and the ± glabrous fruits of this species also suggest an affinity with 
I. ammobia and I.-haplophylla and their allies. 

The epithet is derived from the Greek ixos, birdlime, in reference to the sticky fruit. 

Distribution and habitat: this species is only known from four localities in the 
Fortescue District where it occurs on variably-drained stony and gritty alluvium and 
wash-out gravels. It has been collected in the bed of a small drainage line (near 
Nullagine) and also on the open stony slopes and summit of Mount Nameless and 
Marandoo Hill; it was formerly on the Mount Tom Price mine site. 

Conservation status: Briggs and Leigh (1996) code this species 3KC-. Its conservation 
status is given as 'Priority Two' on FloraBase (Western Australian Herbarium 
1998-2003). According to this source, a P2 rating is given to species that 'are known 
from one or a few (generally <5) populations, at least some of which are not believed 
to be under immediate threat (i.e. not currently endangered)'. 

Other specimens examined: Western Australia: Fortescue: Tom Price mine, Atkins HI-691, 4 July 
1980 (KARR); Beatons Pool, Nullagine, Deighton 325, 6 Oct 1982 (PERTH); Marandoo Hill, 
Hamersley Range, van Leemven 1240, 20 May 1992 (CANB, NSW, PERTH), van Leeuwen 1320, 
19 Aug 1992 (NSW, PERTH); c. 1.8 km from summit of Mt Nameless, Wilson 1080 & Rowe, 14 Sep 
1991 (CANB, K, MO, NSW, PERTH), Wilson 1081 & Rowe, 14 Sep 1991 (NSW). 
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Fig. 1 . huiigofern ixocarpa. 
calyx and androecium. (a, 
b = 10 mm; c = 15 mm. 


admit; b, habit; c, leaf; d, wing;; e, standard; f, keel; g, lateral view of 
c-g from Newbey 10092 ; b from Deighton 325). Scale bar: a, d-g = 50 mm; 
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2. Indigofera haplophylla F. Muell., Fragm. 3: 102 (1862) 

Type citation: 'Ad fontes rupestres torrentesque exarescentes montium ad originem 
fluminis Victoriae.' 

Holotype: Upper Victoria River, F. Mueller s.n. (K). 

Aniln haplophylla (F. Muell.) Kuntze, Rev. Gen. PI. 2: 939 (1891) 

Erect or spreading annual herb, 0.2-0.5(-0.85) m high, with taproot; young stems 
slightly ridged, green, strigose with sparse to moderately dense, appressed or rarely 
short spreading, equally biramous hairs. Leaves simple; stipules triangular, 0.3-1 mm 
long, pubescent, not spinescent, persisting but not woody; petiole 1-3 mm long; rachis 
terete; multicellular hairs absent to moderately dense in the leaf axils, inconspicuous, red, 
club-shaped; stipellae absent. Lamina elliptical to narrowly ovate, (10—)20—50(—65) mm 
long, (1 —)3—8(—12) mm wide; upper surface green with sparse, appressed hairs, rarely 
glabrous; lower surface green (paler than above), with sparse, appressed hairs; apex 
acute or obtuse and apiculate; veins not prominent. Inflorescences 25-80(-125) mm 
long, shorter to longer than leaves; peduncle (1—)5—15(—27) mm long; bracts triangular 
to ovate, 0.3-0.7(-1.0) mm long; flowers pink to purple; pedicel 1-2(^L0) mm long. 
Calyx 2-2.8 mm long, with subequal lobes equal to or longer than the length of the 
tube and sparse to moderately dense, grey appressed hairs. Standard purple, ovate or 
obovate to orbicular, 4.5-5.7 mm high, 3.7—4.2 mm wide. Wings oblong to narrowly 
obovate with some hairs at base, 4.8-5.5 mm long, 1.5—1.7 mm wide. Keel 4.5-5.3 mm 
long, 1.7-1.8 mm deep; lateral pockets 0.6-1 mm long; apex rounded or rarely beaked; 
glabrous or with sparse hyaline hairs mostly along the bottom. Staminal tube 3.2-3.5 
mm long, colourless. Ovary glabrous. Pod ascending to descending, terete, (10-)20-35 
mm long, 2-2.5(-3.0) mm deep, brown, glabrous; apex shortly pointed or shortly 
beaked; endocarp spotted; seed (4-)7-9(-10) per fruit. 

Notes: A specimen collected from near 'Shamrock' Station (Mitchell 2757), shows some 
features intermediate between this species and 1. ammobia, particularly the rather 
narrow leaves. 

Distribution and habitat: Queensland, Northern Territory and Western Australia; 
occurs in a wide range of habitats, from ridge tops to creek lines, and in a range of 
substrates, although it is generally found on gravelly or sandy soil in open woodland. 

Selected specimens examined: Queensland: Burke: Spring Creek Scree Site, 23 km N of Mt Isa, 
Harris 280, 10 Mar 1989 (BRI). 

Western Australia: Dampier: 5 km N of Shamrock Station Hsd at horticult. block, Mitchell 2757, 
10 Nov 1992 (NSW 272404, BROOME). Fitzgerald: Lennard River Gorge, Wilson 327, 4 June 1988 
(NSW 209870); Fern Creek, King Leopold Range, Dunlop 7781 & Simon, 9 Apr 1988 (BRI, NSW, 
PERTH); Tyra Islands, King Sound, Mitchell 3982, 31 May 1995 (NSW); Sunday Island, Mitchell 2222, 
31 Mar 1992 (BROOME, NSW). Gardner: 1.9 km along Mulligans Lagoon Road, Kununurra (to N 
of Hidden Valley National Park), Wilson 836 & Rowe, 29 Aug 1991 (BRI, CANB, PERTH); 
Headwaters of Packsaddle Creek, Northern Carr Boyd Ranges, Hartley 14355, 7 Mar 1978 (CANB, 
PERTH); Longini Landing, near Kalumburu Mission and on coastline, Symon 10195, 16 May 1975 
(AD, NSW, PERTH). 

Northern Territory: Darwin & Gulf: Fitzmaurice River, Leach 4068, 20 Feb 1994 (MEL, NSW); 94 m 
[c. 120 km] E of Daly Waters, Byrnes 2508, 18 Mar 1972 (CANB, DNA, BRI); Cox River Station Latz 
7329, 12 July 1977 (DNA, CANB); Bukalara Plateau, Rice 2291, 12 Feb 1976 (CANB); Mt GUruth 
Craven 8315 & Wightman, 28 Mar 1984 (CANB, NSW); 36 km W of Cape Crawford, Carpentaria 
Hwy, Cowie 1731 & Wilson, 1 May 1991 (NSW). Victoria River: Keep River National Park, Dunlop 
5732, 23 Feb 1981 (NSW, MEL); Victoria River District, Evans 3182, 13 Apr 1990 (MEL, NSW). 
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3. Indigofera ammobia Maconochie, J. Adelaide Bot. Gard. 2: 325 (1980) 

Holotype: Western Australia: just S of Tobin Lake, Great Sandy Desert, A.S. George 
15644, 6 May 1979 (PERTH). Isotypes: CANB, DNA. 

Illustration: Maconochie (1980: 326). 

Erect annual to short-lived perennial herb, 0.15-0.7 m high, with taproot; young stems 
terete, dull green, strigose, with moderately dense, appressed, equally biramous hairs. 
Leaves simple; stipules narrow and triangular, 0.3-1 mm long, glabrescent or sparsely 
pubescent, not persistent; petiole 0.5-1 mm long; multicellular hairs absent to sparse 
in the leaf and stipule axils, inconspicuous, red, club-shaped; stipellae absent. Lamina 
linear, (10-)20-45 mm long, 0.3-1 mm wide, the surface furrowed or margins in-rolled; 
upper surface dull green with sparse, appressed (rarely shortly spreading) hairs; lower 
surface dull green with sparse, appressed hairs; apex acute; veins not prominent. 
Inflorescence (5—)15—35(—55) mm long, shorter or rarely longer than leaf; peduncle 
3-15 mm long; bracts triangular; 0.5-0.7 mm long. Flowers pink to purple; pedicel 
0.5-1.5 mm long. Calyx (1.3—)1.5(—1.8) mm long, with subequal lobes equal to or longer 
than the length of the tube and moderately dense, grey, appressed hairs. Standard 
pink, obovate to orbicular, 3-3.2 mm high, 2.8-3 mm wide. Wings spathulate to 
narrowly obovate, 2.8-3.3 mm long, 1.1-1.3 mm wide. Keel 3.3-3.5 mm long, 1.3-1.5 mm 
deep, with lateral pockets 0.3-0.4 mm long; acute apex; hairs moderately dense, 
hyaline, at the tip and along the bottom. Staminal tube 1.8-3.2 mm long, colourless. 
Ovary glabrous. Pod ascending to spreading, terete, 15-30 mm long, 2-3 mm deep, 
brown, glabrous; apex shortly pointed; endocarp spotted; seed (5-)8(-10) per fruit. 

Distribution and habitat: Northern Territory and Western Australia; red sand dunes 
and plains. 

Conservation status: Albrecht et al. (1997) and White et al. (2000) give this species a 
conservation coding of 3k indicating that it is poorly known in the Northern Territory. 
This species occurs in the Great Sandy and Tanami Deserts and, although collected 
only occasionally, is probably not at risk. A coding of 3R is probably more appropriate. 

Selected specimens examined: Western Australia: Canning: North of Dragon Tree Soak, Great 
Sandy Desert, George 14769, 10 Aug 1977 (AD, BRI, DNA, NSW). Fortcscue: about 10 km E of 
Nimingarra Outcamp, near Shay Gap, Mitchell PRP 895 ,24 Oct 1995 (NSW). Mueller: Wolfe Creek 
Meteorite Crater, Wilson 865 & Rowe, 31 Aug 1991 (NSW, PERTH, CANB). 

Northern Territory: Tanami Sanctuary, Henslmll 1253, 28 May 1976 (DNA); c. 40 km SSE of the 
Granites, Latz 8708 ,23 June 1981 (DNA); Aboriginal soak, 20 km WNW of Lake Surprise, Tanami 
Desert, Latz 10071, 27 June 1985 (CANB [ex CBC]). 

4. Indigofera triflora Peter G. Wilson & Rowe, sp. nov. 

1. haploplnjlla affinis sed habitu perspicue perenni, stipulis longioribus et inflorescentia 
plerumque triflora differt. 

Holotype: Queensland: North Kennedy: Warrigal Siding, Peter G. Wilson 610 & R. Rowe, 
9 Sep 1990 (NSW). Isotype: BRI. 

Erect perennial herb, 0.15-0.45 m high, with woody rootstock or taproot; young stems 
ridged, green, strigose with sparse, appressed to shortly spreading, equally biramous 
hairs. Leaves simple; stipules narrowly triangular to linear, 1.2-4 mm long, 
glabrescent, not spinescent, ± persistent; petiole 1-2 mm long; multicellular hairs 
absent to sparse in the leaf axils, inconspicuous, red, club-shaped; stipellae absent. 
Lamina narrowly ovate to narrowly elliptical or linear, (15-)25-55(-70) mm long, 
(0.9-)1.5-5(-8.0) mm wide; upper surface green, glabrous or with sparse, appressed 
hairs; lower surface green (paler than above), with sparse, appressed hairs; apex 
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Fig. 2. Indigofera triflora, a, habit; b, standard; c, lateral view of calyx and androecium; d, wing 
e, keel; f, fruit, (a-e from Wilson 610 & Rowe ; f from Blake 8585). Scale bar: a = 75 mm; b-e = 5 mm 
f = 20 mm. 
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obtuse or acute and apiculate; veins not prominent. Inflorescences (3-)13-30 mm long, 
shorter than leaves, generally with 3, very rarely 2 or 4, flowers; peduncle 
(1.0-)8-20(-28) mm long; bracts triangular, (0.4-)0.8-1.5 mm long, sometimes 
persistent; flowers pink to purple; pedicel (0.7-)l-2 mm long. Calyx 2-3(-3.3) mm 
long, with subequal lobes equal to or longer than the length of the tube and sparse, 
white to grey, appressed hairs. Standard pink, obovate to orbicular, 4.1-5.2 mm high, 
3—4(—4.9) mm wide. Wings narrowly obovate, (4.0-)5-6 mm long, 1-2 mm wide. Keel 
4.7-5.7 mm long, 1.5-2 mm deep; lateral pockets 0.5-1 mm long; apex beaked; 
glabrous or with sparse, hyaline hairs along the bottom. Staminal tube (2.0-)2.5-4 mm 
long, colourless. Ovary glabrous. Pod ascending, terete, (10-)20-30(-38) mm long, 
2-2.5 mm deep, brown, glabrous; apex shortly beaked; endocarp spotted, sometimes 
faintly; seed (2-)7-9 per fruit. (Fig. 2). 

Notes: This species has formerly been included in I. Implophylla but is easily 
distinguished from that species by its longer stipules, short, 3-flowered inflorescences 
and perennial habit. It also approaches I. ammobia in leaf morphology in parts of its 
range but can also be distinguished from that species by the stipule length. In 
I. ammobia the leaves are linear and up to 0.9 mm wide, while in /. triflora they are 
usually narrowly ovate to narrowly elliptical and at least 2 mm wide. However, 
specimens collected near St George, towards the southern end of its range, have leaves 
that are only 0.9-1.5 mm wide. The inflorescences are about the same length, but I. 
ammobia has a higher flower number (3-7). In any case, the species are allopatric and 
the perennial habit of /. triflora will distinguish it from 1. ammobia, which appears to be 
an annual. 

The epithet is derived from the Latin triflorus, 3-flowered, in reference to the 
predominantly 3-flowered inflorescences. 

Distribution and habitat: recorded from the southern part of the Cook District of 
Queensland and extending into New South Wales in the Yetman area, where it is 
known from only a single collection. The few detailed site descriptions indicate that 
this species grows on sandy soil in open forest, often in disturbed areas like roadsides. 

Conservation status: despite the geographic range of this species, specimens have 
been collected only rarely, so the conservation status remains uncertain. The plants are 
small, easily overlooked and growth from the rootstock may be seasonal and is 
evidently subject to grazing. Tire senior author has attempted to relocate the species in 
the Yetman area on about four occasions but without success. 

Selected specimens examined: Queensland: Cook: Black Rock (Lynd), Horsup 113, Apr 1988 
(BRI). North Kennedy: near source of Poison Creek, about 90 miles N of Hughenden, Blake 8585, 
12 Apr 1935 (BRI, CANB). Mitchell: 10-18 km E of Torrens Creek, Rebgetz 715, May 1981 (BRI). 
Leichhardt: Gainsford, Bowman s.n. (MEL 585913,586580). Maranoa: 26.1 km W of St George Bean 
14475, 28 Dec 1998 (BRI, NSW). 

New South Wales: North Western Plains: 3 miles [c. 4.8 km] from Yetman on Texas road, K. Wilson 
796, Johnson & Jacobs, 20 Nov 1974 (NSW). 

5. Indigofera rupicola Peter G. Wilson & Rowe, sp. nov. 

Habitus decumbens vel adscendens; stipulae 1.2-3.5 mm longae; folia plerumque 
obovata, apice obtuso apiculatoque; bracteae inflorescentiae semipersistentes; fructus 
plerumque 10-25 mm longi. 

Holotype: Northern Territory: 70 km NE Pine Creek, Wightman 1749, 5 Mar 1985 
(NSW). Isotypes: BRI, CANB, DNA, K. 

[Indigofera sp. 3, Brennan (1996: 54)] 
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a 


Fig. 3. 1. rupicola. a, habit; b, inflorescence and leaf; c, bud and 'tripped flower'; d, e, f, front, back 
and detail of standard; g, keel; h, wing; i, flower; j, fruit; k, 1 , seed (lateral and ventral view), 
(a, b from Dunlop 3404; c-h, j-1 from Wightman 1749 ; i from photograph of cultivated plant). 
Scale bar: a = 50 mm; b = 10 mm; c-e = 6 mm; f = 2.5 mm; g-h, k-1 = 4 mm; i-j = 10 mm. 
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Decumbent to spreading, annual or perennial herb or subshrub, 0.05-0.45 m high, with 
woody rootstock or taproot; young stems ridged, green, strigose with moderately 
dense, appressed to shortly spreading, equally biramous hairs. Leaves simple; stipules 
linear, 1.2-3.5 nun long, glabrescent, not spinescent, not persistent (but not falling 
early); petiole 1-2 mm long; rachis terete, multicellular hairs in the leaf axils lacking; 
stipellae absent. Lamina obovate to elliptical, rarely oblong, narrowly elliptical or 
narrowly ovate, (5-)l0-25(^40) mm long, (3—)5—10(—17) mm wide; upper surface green, 
glabrous or with sparse, appressed hairs; lower surface green, paler than above, with 
sparse, appressed hairs; apex obtuse and apiculate; veins not prominent. 
Inflorescences 5-35(-80) mm long, shorter than or equal to leaf, rarely longer; 
peduncle l-10(-20) mm long; bracts triangular to ovate, 0.7-2 mm long, often 
persistent; flowers pink to purple, pedicel 0.5-2 mm long. Calyx 2.2-3(-3.8) mm long, 
with subequal lobes longer than the length of the tube and moderately dense, white, 
appressed, rarely shortly spreading hairs. Standard pink to purple, suborbicular, 
4.8-6.5 mm high, 4-5.5 mm wide. Wings narrowly obovate, 5-6.5 mm long, 1.5-2.5 mm 
wide. Keel 5-6 mm long, 1.5-2.5 mm deep; lateral pockets 0.6-1 mm long; apex acute; 
hairs sparse to moderately dense, hyaline to white, at the tip and along the bottom; 
margin ciliate. Staminal tube 3-4.5 mm long, colourless. Ovary glabrous or moderately 
densely hairy when young. Pod ascending to spreading, terete, (8-)10-25(-33) mm 
long, 2 mm deep, brown, strigose to glabrescent; hairs sparse, appressed; apex shortly 
beaked; endocarp spotted; seed (4-)6-8 per fruit. (Fig. 3). 

Notes: this new species is clearly related to the I. haplophylln group of species but may 
be distinguished from the other Australian taxa in this group by the more spreading, 
prostrate to ascending annual to perennial habit and the usually obovate leaves. The 
inflorescence bracts are also persistent in many cases, as in 1. triflora. 

There is some convergence in leaf shape with I. haplophylln in the specimen from 
Katherine Gorge and the one from Queensland, but the habit and stipule length 
indicate that they are both I. rupicola. Also, these two species appear to be ecologically 
distinct and seem not to occur sympatrically. On the other hand, specimens of 
I. haplophylln from Sunday Island, NNW of Derby, have broader leaves that approach 
I. rupicola in width but they have stipules that are typical of 1. haplophylln. 

There is a collection from Kununurra £Andrew 436, BRI, CANB, DNA) that was 
collected on sandy soil, and is somewhat different in aspect from the rest of the 
specimens, having longer and broader leaves, longer inflorescences and ± prostrate 
habit. It is retained here, with some doubt, pending further collections. 

The epithet is derived from the Latin rupicola, rock-dweller, an allusion to the 
sandstone plateaux where most specimens have been collected. 

Distribution and habitat: Western Australia, Northern Territory and Queensland; 
generally in savannah woodland on sandy soils of sandstone escarpments. 

Selected specimens examined: Western Australia: Gardner: About 3 km E of Mitchell Falls in 
sandstone country, Mitchell 3353, 15 Mar 1994 (NSW, PERTH). 

Northern Territory: Darwin & Gulf: Twin Falls, 1 km upstream, Fensham 818, 24 Mar 1988 (DNA); 
East Alligator River, Dunlop 3404,2 Mar 1973 (BRI, DNA, MEL, NSW); 55 miles [c. 88 km] E of Pine 
Creek, Byrnes 1333,29 Jan 1969 (BRI, DNA); Plum Tree Creek crossing, Menkhorst 226, 15 Feb 1989 
(DNA); Katherine Gorge National Park, Byrnes 2159 & Dunlop, 23 Mar 1971 (CANB, DNA, NSW). 

Queensland: Cook: Donkey Spring Creek, Bulleringa National Park, 80 km NW of Mt Surprise, 
Forster 22496 & Booth, 22 Apr 1998 (BRI, NSW). 
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6. Indigofera linifolia (L.f.) Retz., Obs. Bot. 4: 29 (1786) 

Hedysamm linifolium L.f., Suppl. 331 (1781) 

Holotype: India (LINN 921.5). 

Sphaeridiophorum linifolium (L.f.) Desv., J. Bot. 3:125 (1813) 

Anila linifolia (L.f.) Kuntze, Rev. Gen. PI. 1:160 (1891) 

Illustration: Banks and Solander (1900: t.55); Weber (1986) fig. 309A; Urban (1990: 96) 
photo; Hacker (1990:183) photo; Anderson (1993:167) photo; Milson (1996: 49) photo. 

Prostrate or spreading, perennial herb, 0.1-0.3(-0.5) m high, with taproot; young stems 
ridged, green, strigose with dense, appressed, equally biramous hairs. Leaves 
appearing simple, with no apparent articulation; stipules triangular, 1-3 mm long, 
pubescent, not spinescent, not persistent though occasionally persisting beyond leaf 
fall; petiole 0.5-1 mm long; multicellular hairs in the leaf axils lacking; stipellae absent. 
Lamina linear or narrowly lanceolate to narrowly oblanceolate, (6—)10—35(—50) mm 
long, l-3(-4.0) mm wide; both surfaces green to grey-green, with moderately dense or 
dense hairs; apex acute and shortly mucronate; veins not prominent. Inflorescences 
(2—)5—15(—25) mm long, shorter than leaves; peduncle 0.5-1 mm long; bracts ovate 
with scarious margin, 0.7-1.5 mm long; flowers red; pedicel 0.5 mm long. Calyx 1.5-4 
mm long, with subequal lobes longer or much longer than the length of the tube, and 
dense, grey, appressed hairs. Standard red, obovate to orbicular, 2.5-3.5 mm high, 
1.7-3 mm wide. Wings narrowly obovate, 2.5-3 mm long, 0.7-1.2 mm wide. Keel 
2.5-3.8 mm long, 0.8-1.1 mm deep; lateral pockets 0.3-0.7 mm long; apex acute or 
rounded; glabrous. Staminal tube 2.5-3 mm long, free ends pigmented. Ovary densely 
hairy. Pod ascending, globular, 2-3 mm long, 1.5—1.8 mm deep, white or grey, strigose; 
hairs dense, appressed; apex shortly beaked; endocarp not spotted or rarely some pale 
blotches; seed 1 per fruit. 

Distribution and habitat: in Australia the species is found in Queensland, Northern 
Territory, Western Australia, South Australia, and New South Wales. It is found in a 
wide range of habitats, especially on disturbed sites like roadsides but also occurs on 
sand or rocky ridges in open woodland or grassland; it is considered to be a weed in 
some areas (Lazarides et al. 1997). The species has a wide distribution and is found in 
north-eastern Africa, through southern Asia to southern China, Ryukyu and Taiwan, 
and south through Thailand to Malesia. 

Selected specimens examined: Queensland: Burke: Yelvertoft Station, Gittins 782, May 1963 (BR1, 
NSW); Shell Ridge, N end of Wernadinga Station, Pullen 8996 ,1 May 1974 (BRI, CANB); Whitecliff 
Gorge Creek, Wilson 626 & Rowe, 10 Sep 1990 (NSW); North end, Bentick Island, South Wellesley 
Islands, Tindale s.n. & Aitken, June 1963 (AD 97306383). Burnett: Junction of Barambah Creek and 
Burnett River, 5 miles [c. 8 km] NE of Gayndah, Lebler 35 & Durrington, 22 Jan 1970 (BRI, CANB, 
NSW). Cook: 1 km north of Nassau River mouth, 300 m east of the beach, Neldner 3034 & Clarkson, 
15 June 1990 (NSW); Flinders Island, c. 7 km N of Bathurst Head in the S end of Princess Charlotte 
Bay, Clarkson 2295 ,11 June 1978 (BRI, CANB, NSW); Walsh River crossing on Burke Development 
Road, c. 11 km NW of Rookwood Homestead, c. 16 km NE of Mungana, Conn 1329 & Do Campo, 

3 June 1983 (CANB, MEL, NSW). Gregory North: Ardmore, 25 miles [c. 40 km] W of Dajarra, Evcrist 
3207, 20 Nov 1947 (BRI). Gregory South: 47.8 km W of Windorah, Wilson 423 & Pickering, 23 Sep 
1989 (BRI, NSW); Charleville, Blake 5360 ,19 Apr 1934 (BRI 335782). Leichhardt: Apis Creek, Bruce 
Highway, 40 km W of Marlborough, Holliday 356 ,5 Apr 1975 (BRI, HO); Tanderra (Nardoo); c. 45 miles 
[c. 72 km] SW of Spripgsure, Johnson 1317 ,15 Feb 1960 (BRI 232917). Maranoa: Mitchell, Blake 5778, 

4 May 1934 (BRI). Mitchell: 6 km NW of Malvernton (60 km W of Blackall) on stock route from 
Malvern ton to Gowan Hills, Johnson 3022 ,10 Nov 1975 (BRI 194173); Torrens Creek, White 8670, 
19 Mar 1933 (BRI 232925). Moreton: Near Somerset Dam, Blake 13972, 26 Feb 1939 (BRI, CANB); 
Colleges Crossing, 6 miles [c. 9.6 km] NE of Ipswich, Henderson 165 ,18 Jan 1967 (BRI, CANB). North 
Kennedy: West Point, Magnetic Island, Forster 12765 & Bean, 18 Jan 1993 (NSW); Ritson's plots. 
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Lansdown Pasture Research Station, Lazarides 7155 ,5 Apr 1965 (BRI, CANB); Burdekin River area 
above Dalbeg on track to Gorge Weir, 20.9 km S of Expedition Pass Creek bridge. Staples 2101, 
16 Apr 1975 (BRI, CANB). Port Curtis: Biloela, at experimental farm, Smith 3469, 22 Oct 1947 (BRI, 
NSW); Curtis Island, Blake 22517, 26 Mar 1966 (CANB). South Kennedy; Red Mountain, c. 40 km 
W of Clermont, Wilson 559 & Rowe, 7 Sep 1990 (NSW, BRI, PRE); Newry Island, Hegerl N233 & 
Trinder, 9 Dec 1986 (BRI, MEL). Warrego: 'Gilruth Plains', Cunnamulla, McKee 10358 ,13 Apr 1963 
(BRI, NSW); 46 km SE of Charleville along Boatman road, Purdie 93 & Boy land, 23 Mar 1976 (BRI). 
Wide Bay: Bundaberg, Stanley 906,17 Mar 1980 (BRI). 

New South Wales: North Coast: 'Plain Station', 10 miles [c. 16 km] S of Tabulam, Atkinson s.n. & 
Quirk, 5 Feb 1973 (NSW 299180). North Western Plains: MacIntyre River, Yetman, Coveny 12540, 
Dunn & Plat, 28 Mar 1987 (NSW, BRI, KYO, L, MEL, PERTH). North Western Slopes: edge of boat 
ramp. Lake Keepit, Hosking 1049 & Wicks, 28 Nov 94 (NSW). 

South Australia: Lake Eyre: 5 miles [c. 8 km] N of Cordillo Downs, Filson 3404, 2 Oct 1960 (AD, 
MEL, NSW). 

Western Australia: Ashburton: Foot of Mt Augustus, Wittwer 1076 ,19 Aug 1973 (PERTH); Jigalong 
[Jiggalong] Depot, Tropic of Capricorn, Royce 1974, 7 June 1947 (PERTH). Canning: Anketell 
Ridge, Great Sandy Desert, AS. Mitchell 1183, 14 May 1979 (DNA). Carnarvon: 29 miles N of 
Learmonth, George 2538, 3 June 1961 (PERTH); 10 miles S of Onslow, George 1151, 28 Aug 1960 
(PERTH). Dampier: Mt Anderson Station, Fitzroy River, Royce 6912, 7 May 1962 (BRI, PERTH); 
4 km S of Cape Bertholet, Dampierland, Kenneally 6038 ,19 Apr 1977 (CANB, PERTH). Fitzgerald: 
Same Creek crossing, Gibb River Road, Wilson 255 &t Jacobs, 17 May 1988 (NSW, PERTH); 18.3 km 
NE of Mary River crossing, Beauglehole 53262 ,19 June 1976 (PERTH). Fortescue: 6.2 km along track 
to Carawine Gorge, Wilson 921 & Rowe, 5 Sep 1991 (NSW, PERTH, PRE); 10 km SW of Boodarie 
Hsd on delta of Turner River, A.A. Mitchell 1752, 11 Apr 1989 (PERTH, NSW); 12 km N of 
Millstream, towards Mt Herbert, Keighery 730 ,23 May 1976 (PERTH). Gardner: 1 km SW of Peanut 
Mill, Kununurra, Wilson 203 & Jacobs, 8 May 1988 (NSW, AD, MEL, PERTH); Tunnel Creek, Napier 
Range, Dunlop 7742 & Simon, 8 Apr 1988 (BRI, PERTH); South East Osborne Island, Bonaparte 
Archipelago, Paul Wilson 11084 ,26 June 1973 (PERTFI). Giles: Pass of the Abencerrages, Rawlinson 
Ranges, Paul Wilson 2403 ,3 Aug 1962 (AD). Hall: Ord River at Blue Holes, Bungle Bungle National 
Park, Menkhorst 613 ,13 July 1989 (DNA); Topyard Bore, 'Cherrabun', Wolfe 115 & Martin, 8 June 
1970 (CANB). Keartland: Rudall River, George 10753 ,21 May 1971 (CANB, PERTH). Mueller: Near 
Wolfe Creek Crater, George s.n., Apr 1979 (DNA, PERTH). 

Northern Territory: Barkly Tableland: 4.2 miles ESE of Frewina, Perry 662 ,29 Apr 1948 (BRI, CANB, 
DNA); Kilgour Gorge, Mallapunyah Station, Thomson 551, 17 May 1984 (CANB, DNA); Elliott, 
Chippendale NT 1065, 10 Mar 1955 (AD, BRI, DNA, MEL, NSW). Central North: 11 miles NNE 
Donald Downs Station, Perry 3414 ,12 Mar 1953 (BRI, CANB, DNA); 20 miles N of Barrow Creek, 
Stuart Highway, Latz 177, 23 Feb 1968 (AD, DNA, MEL); 46 miles [c. 73.5 km] SW of Mongrel 
Downs Homestead, Latz 727, 1 Aug 1970 (AD, DNA); Kollola Bore [=Cooloola Well], 4 miles [c. 
6.4 km] NW Numagalong homestead. Nelson 1 & Swinbourne, 26 Aug 1965 (BRI, DNA, NSW); 15 
miles [c. 24 km] N of Devils Marbles, Chippendale NT 941, 8 Mar 1955 (BRI, DNA); Boomerang 
Waterhole, Lander River, 42 miles NW of Willowra Homestead, Chippendale NT4780, 30 July 1958 
(BRI, DNA, NSW). Central South: Finke River near Glen Helen, Leach 531, 24 Feb 1985 (CANB, AD, 
MEL, NSW); Docker River township, Henshall 2896, 26 Mar 1980 (AD, DNA); McGrath Flat, 30 
miles N of Alice Springs, Nelson 1659 ,13 Feb 1968 (AD, BRI, DNA); Mt Liebig, north side, Carr 2357 
& Beauglehole 46136, 28 June 1974 (DNA, MEL). Darwin & Gulf: Mataranka, Stuart Highway, 
Maconochie 569 ,18 Feb 1968 (AD, BRI, CANB, DNA); 1 km N of Pandanus Creek, c. 75 km SW of 
Borroloola, Leach 561 ,5 May 1985 (CANB, DNA, MEL); 41 miles [c. 65.5 km] E of Pine Creek, Nelson 
300 ,13 Apr 1962 (AD, BRI, DNA, MEL, NSW); Hempel [Hempel] Bay, Groote Eylandt, Specht 358, 
4 May 1948 (AD, BRI, MEL, NSW); Elcho Island, Maconochie 2075, 2 July 1975 (CANB, DNA). 
Victoria River: Auvergne Station, 35 km NW Timber Creek, Must 1621 ,14 July 1977 (CANB, DNA); 
13 miles [c. 15 km] NW of Wave Hill Police Station, Perry 2188, 21 June 1949 (BRI, CANB, DNA); 
50 miles [c. 80 km] NE Tanami, Chippendale NT 5675 ,12 Apr 1959 (DNA, MEL, NSW). 
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7. *Indigofera cordifolia Heyne ex Roth, Nov. PL Sp. 357 (1821) 

Type: Ind. Or., Heyne s.n. (K, n.v.). 

Anila cordifolia (Heyne ex Roth) Kuntze, Rev. Gen. PI. 1:160 (1891) 

Prostrate perennial herb or subshrub, 0.1-0.3 m high, with taproot; young stems terete, 
greenish white, hirsute with dense to very dense, hyaline, spreading, unequally 
biramous hairs. Leaves simple; stipules triangular, fused to base of petiole, 1 mm long, 
pubescent with scattered long hairs, not spinescent, persistent, scarious; petiole 
0.4-0.6(—1.0) mm long; multicellular hairs in the leaf axils lacking; stipellae absent. 
Lamina ovate to orbicular, cordate, 2.5-6.2(-7.0) mm long, 2.7-5.7(-6.5) mm wide; 
upper surface green with moderately dense, spreading hairs; lower surface green to 
white with moderately dense, spreading hairs; apex obtuse and apiculate; veins not 
prominent. Inflorescences 3-4 mm long including flowers, the axis c. 0.5 mm long, 
shorter than leaves (± sessile); bracts subulate, 1.5-2 mm long; flowers red; pedicel 
0.2-0.5 mm long. Calyx 2.2-2.5 mm long, with subequal lobes ± free to the base and 
dense, white, spreading hairs. Standard red, obovate to spathulate, 2.6-3 mm high, 
1.5-2 mm wide, with obtuse apex and moderately dense, hyaline to white hairs at tip. 
Wings narrowly spathulate, c. 3 mm long, 0.5-0.6 mm wide, keel 2.8-2.9 mm long, 
0.5-0.7 mm wide; lateral pockets 0.2-0.25 mm long; apex acute; glabrous. Staminal 
tube 2 mm long, colourless. Ovary densely hairy. Pod globular, 1.5-2 mm long, 1.2-1.5 
mm deep, white or grey, strigose; hairs dense, shortly spreading to spreading; apex 
shortly beaked with persistent sterile ovary tip; endocarp very faintly spotted; seed 
spherical, irregularly 1-2 per fruit. 

Notes: Bentham (1864: 196) recorded this species for Australia and cited a specimen 
(Port Essington, Armstrong). For many years, no other Australian collection of the 
species was known and the Armstrong collection could not be located at K or BM 
(Schrire pers. comm.). It is also known that some of Armstrong's collections were 
made in Timor but mislabelled as to locality (Bean 1996). However, the species has 
recently been recollected on the Cobourg Peninsula, in the vicinity of the original Port 
Essington settlement. It occurs on disturbed sites and is almost certainly an early 
introduction, perhaps from Timor, that has persisted in areas with some continuing 
human activity. 

Distribution and habitat: in Australia, known only from the Cobourg Peninsula in the 
Northern Territory where it is found around camp sites near the coast. It is otherwise 
known from tropical Africa to India and eastern Indonesia. 

Selected Specimens examined: Northern Territory: Darwin & Gulf: Cobourg Peninsula; 
Fort Wellington, Raffles Bay, Cowie 3759, 20 Apr 1993 (DNA, CANB, NSW); Cobourg Peninsula; 
Port Bremer pearling base, Cowie 3704 ,19 Apr 1993 (DNA, AD, BRI, CANB, MEL, NSW, PERTH, 
K, L). 

8. Indigofera rugosa Benth., FI. Aust. 2: 199 (1864). 

Type citation: 'Bed of the Fortescue river, N.W. coast, F. Gregory's Expedition (Herb. 
F. Mueller).’ 

Holotype: Fortescue River, Maitl. Brown (MEL). 

Erect shrub, 0.2-1 m high; young stems terete or ridged, white or yellowish, tomentose 
to hirsute with very dense, spreading, equally or unequally biramous hairs. Leaves 
unifoliolate; stipules linear or subulate, 2-6 mm long, pubescent, not spinescent, not 
persistent; petiole 3-8 mm long; rachis furrowed, appearing terete; multicellular hairs 
at point of articulation sparse, inconspicuous, red to brown, club-shaped to pointed linear. 
Leaflet lacking stipellae; lamina broadly ovate to obovate or orbicular, (7-)13-28 mm 
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long, 7—25 mm wide; upper and lower surface white to grey, with dense, spreading 
hairs; apex obtuse and mucronate; veins prominent below and impressed above. 
Inflorescences 10-40 mm long, shorter than or rarely longer than leaves; peduncle 
0.5-2 mm long; bracts triangular to subulate, 2-3.5 mm long; flowers pink to purple; 
pedicel 2-3.5 mm long. Calyx 4-7 mm long, with subequal lobes longer than to much 
longer than the length of the tube, and dense, white, spreading hairs. Standard purple 
or pink, ovate to orbicular, 7-10 mm high, 6.5-8.5 mm wide. YVings narrowly obovate 
or spathulate, 6-8 mm long, 2-3 mm wide. Keel 6-9 mm long, 2-3 mm deep; lateral 
pockets 1-1.5 mm long; apex acute or rounded; hairs dense, white at the tip and along 
the bottom; margin ciliate. Staminal tube 4-5.5 mm long, colourless. Ovary glabrous to 
densely hairy. Pod ascending to descending, terete, (5-)10-22 mm long, 3—4 mm deep, 
white, tomentose or hirsute; hairs dense, spreading; apex shortly pointed, the style 
often persisting; endocarp spotted; seed 4 or rarely 5 per fruit. 

Distribution and habitat: Western Australia: in spinifex and mixed open shrubland on 
well drained, stony red sandy loams in ironstone country of the Hammersley region. 

Conservation status: although uncommon, this species does not appear to be under 
threat. 

Selected specimens examined: Western Australia: Fortescue: Gregory Range, opposite abandoned 
mine, Wilson 946 & Rowe, 5 Sep 1991 (NSW, CANB, PERTH); SE of Camp Anderson, Hamersley 
Range, Wilson 7024 & Rowe, 11 Sep 1991 (NSW, AD, CANB, K, MO, PERTH, UPS); About 85 km S 
of Munjina roadhouse, Newman road, Pringle PRP 635 ,4 Sep 1995 (NSW). 

9. Indigofera pilifera Peter G. Wilson & Rowe, sp. nov. 

I. rugosae affinis sed ab ea stipellis praesentibus, lamina non rugosa, calyce corollaque 
minore, fructibus hirsutis vice tomentosis distinguitur. 

Holotype: Western Australia: Carr Boyd Range, 20 km ENE of Dunham River HS, 
M. Lazarides 8520 ,12 Mar 1978 (NSW).'isotypes: BRI, CANB, DNA, PERTH. 

Spreading shrub, 0.3-0.4 m high, 1 m wide; young stems terete, white or green to 
yellowish, hirsute with dense, spreading, unequally biramous and scattered linear 
multicellular hairs. Leaves unifoliolate; stipules narrowly triangular to subulate, 2-3.5 mm 
long, pubescent, not spinescent, persistent; petiole 2-5.5 mm long; rachis terete, or 
slightly furrowed; multicellular hairs at point of articulation sparse, inconspicuous, 
orange or red, pointed linear. Leaflet with conspicuous stipellae 1-2 mm long; lamina 
ovate to elliptical, 10-28 mm long, 6-16 mm wide; upper surface pale grey to green, 
with moderately dense, spreading hairs; lower surface grey to green, paler than above, 
with moderately dense, spreading hairs; apex acute or obtuse and mucronate; veins 
prominent below. Inflorescences 35-90 mm long, longer than leaves; peduncle 2-7 mm 
long; bracts narrowly triangular, 1.5—2 mm long; flowers pink to purple; pedicel 
0.5-0.8 mm long. Calyx 2.5-3.9 mm long, with subequal lobes longer than the length 
of the tube and moderately dense, white, spreading hairs. Standard purple or pinkish 
mauve, broadly elliptical to orbicular 4.5-5.5 mm high, 4-5 mm wide. Wings 
spathulate, 4—5 mm long, 1-1.5 mm wide. Keel 4.5—5.5 mm long, 1.5 mm deep; lateral 
pockets 0.5 mm long; apex acute; hairs moderately dense, hyaline to white, at the tip 
and along the bottom. Staminal tube 3—3.5 mm long, colourless. Ovary densely hairy. 
Pod descending to deflexed, terete, 8-12 mm long, 2.5-3 mm deep, brown, hirsute; 
hairs moderately dense, spreading; apex shortly pointed, the style sometimes 
persisting; endocarp spotted; seed cuboid, 4 per fruit. (Fig. 4). 

Notes: the epithet is derived from the Latin pilifer, bearing hairs, in reference to the 
pilose leaves. 
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Fig. 4. I. pilifem. a, habit; b, fruit; c, lateral view of calyx and androecium; d, standard; e, wing; 
f, keel, (all from Lazarides 8520). Scale bar: a = 50 mm; b = 10 mm; c-f = 5 mm. 
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Distribution and habitat: I. pilifem is only known from a few collections from ranges 
in the vicinity of Kununurra, between 15°30'S and 16°30'S, where it is recorded as 
occurring on steep sandstone hills in open woodland. 

Conservation status: although this species is poorly collected, it occurs in areas that 
are, as far as is known, not under any immediate threat. Further surveys will be 
necessary to assess distribution and population size for this species. 

Other specimens examined: Western Australia: Gardner: Ivanhoe Station, East Kimberleys, 
Langfield 378, [c. 1952] (PERTH); Deception Range, Wilson 841 & Rowe, 30 Aug 1990 (NSW, CANB, 
K, PERTH). 


10. Indigofera petraea Peter G. Wilson & Rowe, sp. nov. 

I. rugosae foliis dense tomentosis similis sed lamina non rugosa, calyce corollaque 
minore, distinguitur. 

Holotype: Western Australia: Barlee Range Nature Reserve, S. van Leeuwen 1545, 11 
Aug 1993 (NSW 403825). Isotypes: KARR, PERTH. 

Erect shrub 0.7-1.5 m high; young stems terete, yellowish becoming white to grey, 
tomentose with very dense, spreading, equally biramous (stalked) hairs. Leaves 
unifoliolate; stipules linear to subulate, 3.5-5 mm long, pubescent, not spinescent, not 
persistent; petiole 2.5-6.5 mm long; multicellular hairs at point of articulation sparse, 
conspicuous or inconspicuous, red to brown, pointed linear. Leaflet with 
inconspicuous to conspicuous setaceous stipellae 1-2.5 mm long; petiolule 1.5-3.5 mm 
long; lamina broadly elliptical, 10-27 mm long, 8-18 mm wide; upper and lower 
surface grey to white with dense, spreading hairs; apex obtuse (with small, dark 
mucro); veins not prominent above (laterals prominent below). Inflorescences 
20-45(-55) mm long, shorter than to longer than leaves; peduncle 4-10 mm long; 
bracts ovate and subulate, 2.5-3.6 mm long; flowers deep pink to dark purple-red; 
pedicel c. 1 mm long. Calyx 3-3.8 mm long, with subequal lobes equal to or longer 
than the length of the tube, 1.4-2.3 mm long and dense, white or grey to brown, 
spreading hairs. Standard obovate, 3.3-4 mm high, 3^1.5 mm wide; hairs dense, 
hyaline or brown; apex obtuse with small apiculum. Wing oblong, 1.7-4.1 mm long, 
0.6-1.1 mm wide. Keel 3-4 mm long, c. 1 mm deep; lateral pockets c. 0.5 mm long; apex 
rounded; hairs dense, white or brown, along the bottom. Stamens colourless or 
pigmented at the distal end; tube 2.0-3.5 mm long. Ovary densely hairy, 2-2.5 mm 
long. Pod descending, terete, 13-18 mm long, 2.5—3.5 mm deep, yellowish to white, 
pubescent; hairs dense, spreading; apex shortly pointed; endocarp spotted (confined 
to pithy partitions); seed cuboid, 3-6(-7) per fruit. (Fig. 5). 

Notes: the epithet is taken from the Latin petraeus, growing among rocks, in reference 
to the rocky habitat. 

Distribution and habitat: Western Australia: apparently confined to the Barlee Range 
where it occurs in skeletal sandy soil over massive silcrete in shrubland with Triodia. 

Conservation status: this species has only recently been discovered but does not 
appear to be under any immediate threat. It is conserved within the Barlee Range 
Nature Reserve. 


Other specimens examined: Western Australia: Ashburton: Barlee Range, 8.2 km S of Wongida 
Well, 34.4 km N of Mt Maitland, 17.5 km SSW of Mt Florry, van Leeuwen 2190, 6 Sep 1995 (KARR, 
NSW, PERTH); Barlee Range Nature Reserve, 5.1 km S of Yadiyugga Claypan, 18.7 km SSW of Mt 
™ y ' 9 f kn1 ESE of Minnie Spring (on Henry River), 17.4 km N of Joy Helen Mine, van Leeuwen 
5081, 31 Jul 2002 (KARR, NSW, PERTH); Glenflorrie Station, 1.4 km north of boundary to Barlee 
Range Nature Reserve, 6.3 km NNE of Yadiyugga Claypan, 8.5 km SW of Mt Florry, 14.8 km NE 

/v A .'>'r J ni N *° n Henr y Rivcr )' 283 km NNE of Joy Helen Mine, van Leeuwen 5082, 31 Jul 2002 
(KAKK, NSW, PERTH). 
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Fig. 5. I. petraea. a, habit; b, inflorescence; c, fruit; d, leaf; e, bract (adaxial view); f, bud; 
g, standard; h, keel; i, wing; j, ovary; k, lateral view of calyx and androecium. (a, c from van 
Leeuwen 2190 ; b, d, j from van Leeuwen 1545; e, f-i, k from van Leeuwen 5082). Scale bar; a = 60 mm; 
b, d = 20 mm; c = 15 mm; e-k = 4 mm. 
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11. Indigofera monophylla DC., Prod. 2: 222 (1825). 

Type citation: '? in Novae Hollandiae ora orientali. 

Holotype: Nouvelle Hollande, cote ouest (G-DC n.v., NSW microfiche). 

Erect to prostrate shrub or subshrub, 0.2-l(-2.4) m high, with woody rootstock; young 
stems terete to ridged, white to brown, strigose or tomentose with dense to very dense, 
appressed to spreading, equally biramous hairs. Leaves unifoliolate; stipules 
triangular, often narrowly, (0.5-)l-4.5(-8.0) mm long, pubescent, not spinescent, 
persistent or not; petiole (1.0-)3-9(-12) mm long; rachis furrowed, often slightly; 
multicellular hairs at point of articulation absent to moderately dense, conspicuous or 
inconspicuous, red to dark brown, club-shaped. Leaflet with inconspicuous to 
conspicuous stipellae (0.2-)0.5-l mm long; lamina ovate, elliptical, obovate or 
orbicular; (4.5-)10-30(-45) mm long, (3.5-)8-25(-33) mm wide; upper surface grey, 
white or green with sparse to dense, appressed to spreading hairs; lower surface grey, 
white or green with sparse to dense, appressed to spreading hairs; apex obtuse and 
mucronate; veins prominent or not prominent. Inflorescences (10-)20-120(-210) mm 
long, equal to, or longer than the leaf; peduncle (1.5—)4—20(—43) mm long; bracts 
triangular (0.5-)l-2.5(-6.0) mm long; flowers pink to purple or red; pedicel 0.5-1.8 mm 
long. Calyx (1.5-)2-3(-4.0) mm long, with unequal to subequal lobes less than to 
longer than the length of the tube and moderately dense or dense, white to almost 
black, appressed to shortly spreading hairs. Standard red, purple or pink, ovate to 
orbicular, 6.5-8.5(-9.4) mm high, 5.3-7.6 mm wide. Wings spathulate or narrowly 
obovate, 6-8.9 mm long, 2-3 mm wide. Keel 6.8-8.9(-9.5) mm long, 2-3 mm deep; 
lateral pockets 0.7-2 mm long; apex acute or rarely rounded; hairs moderately dense 
to dense, grey to dark brown, at the tip and along the bottom; margins ciliate. Staminal 
tube 5-7.3 mm long, colourless or free ends and tube pigmented. Ovary moderately to 
densely hairy. Pod spreading to descending, terete, (12-)18-30(-37) mm long, 3-4 mm 
deep, grey to brown, strigose to tomentose; hairs moderately dense to dense, 
appressed to spreading; apex pointed; endocarp spotted; seed (4-)8-10 per fruit. 

Notes: as accepted here, this taxon is extremely variable. It varies in habit from an 
almost prostrate multi-stemmed shrub to a tall shrub over 2 m high and is variable in 
leaf size and morphology. There are apparently two common forms: one that occurs 
on rocky hills that has prominent lateral venation and another that occurs mostly on 
plains and has much less conspicuous lateral venation; there is a possible correlation 
of flower colour with these forms. The type is of the more prominently-veined form. 
There are a couple of other variants as well (Trudgen pers. comm.), including Indigofera 
sp. Bungaroo Creek, and this complex requires further in-depth study to clearly define 
segregate taxa. 

Distribution and habitat: Northern Territory and Western Australia: found on rocky 
hills including limestone, the Great Sandy Desert, red sand and Pindan country, also 
loamy plains, watercourses and roadsides. 

Conservation status: not at risk. 

Selected specimens examined: Northern Territory: Central North: 45 km W of Sangsters Bore, 
Tanami Desert, Lutz 8115, 28 Sep 1978 (NSW, CBG, K, MO, NSW); Central Mount Stuart, Maconochie 
707, 26 June 1969 (AD, DNA, NSW); Vaughan Springs, Winkivorth 430, 4 July 1954 (CANB). 
Central South: Laura Vale, Tietketis s.tu, 24 May 1889 (AD, DNA, MEL). Victoria River: Birrundudu 
Station, Lang 5, 22 July 1993 (NSW). 

Western Australia: Ashburton: 30 km E of 'Three Rivers' Homestead, Great Northern Highway, 
Mitchell 1651, 24 Apr 1988 (NSW); Postcutters Bore, Beard 6094, 22 Aug 1970 (NSW). Austin: 100 
m N of Yoothapina turn-off, on Great Northern Hwy, Wilson 1150 & Razee, 18 Sep 1991 (NSW, 
PERTH, PRE); 16 miles SW of Mannine [Nannine], Speck 724, 8 Sep 1957 (CANB); 48 miles [c. 77.75 
km] from Wiluna on Sandstone road, Bennett 22, July 1941 (PERTH). Canning: 52.6 km N of Shay 
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Gap, Wilson 898 & Rowe, 4 Sep 1991 (NSW 246773, PERTH); Anketell Ridge, Great Sandy Desert, 
A.S. Mitchell till & 1209, 14 May 1979 (AD, DNA). Carnarvon: 53.0 km SW of Nanutarra, Wilson 
1111 & Rowe, 15 Sep 1991 (NSW, PERTH); Cape Range - Rough Range at 20.0 km on road to coast 
from Learmonth, Briggs 8812 & Johnson, 6 Aug 1991 (NSW, L, MEL, MO, PERTH); Middle Gascoyne 
River Crossing, Symon 9997, 15 May 1975 (NSW, PERTH). Dampier: Edgar Range, SE of Broome, 
Kenneally 5523, 7 Aug 1976 (CANB, PERTH); Great Northern Highway, 35.5 km S of Lagrange 
Mission turn-off, Wilson 885 & Rowe, 3 Sep 1991 (NSW, E, PERTH, PRE, US). Fitzgerald: Great 
Northern Highway, c. 25 km W of Wolfe Creek turn-off, Wilson 868 & Rowe, 31 Aug 1991 (NSW, K, 

L, PERTH, RSA); 10 miles [c. 16 km] E of Margaret River Station, Lazarides 6328, 13 July 1959 (NSW, 
AD, BRI, DNA, MEL). Fortescue: Duck Creek, out from Mt Brockman, Blockley 311, 9 July 1966 
(CANB, PERTH); 1.1 km W of Oakover River, Wilson 950 & Rowe, 5 Sep 1991 (NSW, MO, PERTH, 
UPS); Dolphin Island, Dampier Archipelago, Royce 7204, 5 June 1962 (PERTH). Hall: 6 miles NE 
of Gordon Downs Station, Perry 2446, 13 July 1949 (BRI, CANB, MEL, NSW); East Branch of Wolf 
Creek, c. 60 km S of Halls Creek, Carr 3567 & Beauglehole 47345, 13 July 1974 (PERTH). Keartland: 
Near Rudall R., George 10859, 24 May 1971 (CANB, NSW); 1 mile [c. 1.6 km] N of Googhenama 
Rockhole, Royce mil 19 May 1947 (PERTH). Mueller: Dovers Hills, George 8984, 27 July 1967 (NSW, 
PERTH); Djaluwon Creek, near S end of Lake Gregory, George 15421, 26 Apr 1979 (DNA, PERTH). 

12. Indigofera schultziana F. Muell., Fragm. 7: 105 (1870) 

Type citation: 'Prope portum Darwinii; Schultz (482).' 

Holotype: Port Darwin, Schultz 482 (MEL 586275). Probable isotypes: AD, E. 

Erect subshrub, 0.3-0.6 m high; young stems slightly four-angled or ridged, grey and 
green, or brown, strigose with sparse to moderately dense, small, appressed, equally 
biramous hairs. Leaves unifoliolate with a conspicuous point of articulation; stipules 
triangular, 0.5-1 mm long, pubescent, not spinescent, not persistent; petiole 9-21 mm 
long; rachis furrowed; multicellular hairs at point of articulation moderately dense, 
inconspicuous, dark brown, club-shaped. Leaflet with inconspicuous stipellae, 0.2-1 
mm long; lamina ovate to orbicular, 25-103 mm long, 20-60 mm wide; upper surface 
grey and green, glabrous or with sparse, very small appressed hairs; lower surface 
grey and green, paler than above, glabrous or with sparse, very small appressed hairs; 
apex obtuse or acute and apiculate; veins visible but not prominent. Inflorescences 
35-115 mm long, longer than leaves; peduncle 6-24 mm long; bracts triangular, 5-8 
mm long; flowers pink to purple; pedicel 2.5-3.5 mm long. Calyx 1.5-2.3 mm long, 
with subequal lobes less than or equal to the length of the tube, and moderately dense, 
hyaline, white or brown, appressed hairs. Standard pink or lavender, ovate; 6-8 mm 
high, 5.3-6.5 mm wide. Wings spathulate to narrowly obovate, 5.3-8 mm long, 1.5-2.5 
mm wide. Keel 6.3-8 mm long, 1.5-2 mm deep; lateral pockets 0.6-1 mm long; apex 
acute; hairs sparse to moderately dense, hyaline to golden along the bottom; margin 
ciliate. Staminal tube 3.2-4 mm long, free ends, or free ends and tube, pigmented. 
Ovary moderately hairy. Pod ascending to descending, terete, 21-40 mm long, 2.5-3 
mm deep, brown, strigose; hairs very small, moderately dense, appressed; apex 
shortly beaked; endocarp spotted; seed 6-8 per fruit. 

Notes: /. schultziana is most closely related to l. saxicola and there are a number of 
specimens that represent probable intergrades between these two species. These will 
be discussed more fully under I. saxicola in part 2 of this revision. 

Distribution and habitat: only known from a small area of the Northern Territory in 
the Finniss River area. 

Conservation status: Leach et al. (1992) and Briggs and Leigh (1996) code this species 
2R. It is listed as 'Rare' in the IUCN 1997 Red list of Threatened Plants. 

Selected specimens examined: Northern Territory: Darwin & Gulf: Finnis River area, Parker 153, 
12 Aug 1973 (BRI, CANB); NE of Finnis River crossing, Dunlop 3122, 16 Jan 1973 (CANB, DNA); 
9 miles ]c. 14.5 km] from Rum Jungle, Blake 16738, 8 Aug 1946 (BRI, DNA). 
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New combinations in Chordifex (Restionaceae) 
from eastern Australia and new species from 
Western Australia 


Barbara G. Briggs* and L.A.S. Johnson + 


Abstract 

Briggs, Barbara G. and Johnson, L.A.S. (Royal Botanic Gardens, Mrs Macquaries Road, Sydney, NSW 2000, 
Australia) 2 004. New combinations in Chordifex (Restionaceae) from eastern Australia and new species 
from Western Australia. Telopea (10)3:683-700. New combinations in Chordifex are provided for two 
species from New South Wales (C. dimorphus and C. fastigiatus) and two Tasmanian endemics 
(C. hookeri and C. monocephalus), extending the distribution of the genus to eastern Australia. 
Phylogenetic analysis of chloroplast DNA data has shown these species to be embedded in 
Chordifex, so that the latter is paraphyletic if they are excluded. These species were previously 
included in Restio and subsequently divided among tire genera Acion, Guringalia and S aropsis which 
are now synonymised under Chordifex. The main concentration of Chordifex is in the south of 
Western Australia where there are sixteen species. Ten of these were formerly transferred from 
Restio and a further five of them are now described and illustrated. C. microcodon (occurring from 
near Eneabba south almost to Perth) and C. sinuosus (from near Geraldton to Perth and Yarloop) 
are widespread species, C. capillaceus (around South Stirling and Wellstead) is relatively common 
in a more restricted area, while C. reseminans (near Eneabba to Cataby) is endangered and 
C. jacksonii (near Walpole) vulnerable. The colliculate or ridged seed type of Chordifex contrasts 
with the smooth seeds of Baloskion ; while the strongly ridged seeds of C. sinuosus, C. reseminans 
and C. chaunocoleus are compared with the colliculate seeds of other Chordifex species. Seed surface 
features show greater congruence with results from DNA data than does the presence or absence 
of the conspicuous culm anatomical feature of pillar cells in the chlorenchyma. 


Introduction 

Extensive studies from a variety of approaches, but especially morphological and 
anatomical (Johnson & Briggs 1981; Linder 1984,1985; Linder et al. 1998, 2000; Briggs 
& Johnson 1999), and DNA sequencing studies (Briggs et al. 2000, Eldenas & Linder 
2000) have resulted in classifications in which no genera of Restionaceae are common 
to the Australasian and the African regions. Since Restio is typified by an African 
species, and the Australian species previously referred to Restio are a diverse 
assemblage, the latter were divided among several genera (Briggs & Johnson 1998a, b). 
The majority of eastern Australian species were transferred to Baloskion Raf., while the 
largest group of Western Australian species were placed in the newly-described genus 
Chordifex, typified by the new species C. stenandrns B.G. Briggs & L.A.S. Johnson. Thus 
Chordifex has been regarded as a Western Australian endemic and included C. abortivus 
(Nees) B.G. Briggs & L.A.S. Johnson, C. amblycoleus (F. Muell.) B.G. Briggs & L.A.S. 
Johnson, C. chaunocoleus (F. Muell.) B.G. Briggs & L.A.S. Johnson, C. crispatus (R. Br.) 


* BGB is responsible for the new combinations published here; the newly described species were 
distinguished and studied by both authors. 

t Deceased 1 August 1997. 
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B. G. Briggs & L.A.S. Johnson, C. gracilior (F. Muell. ex Benth.) B.G. Briggs & L.A.S. 
Johnson, C. isomorphus (K.W. Dixon & K.A. Meney) B.G. Briggs & L.A.S. Johnson, 

C. laxus (R. Br.) B.G. Briggs & L.A.S. Johnson, C. leucoblepharus (Gilg) B.G. Briggs & 
L.A.S. Johnson, C. ornatus (Steud.) B.G. Briggs & L.A.S. Johnson and C. sphacelatus (R. 
Br.) B.G. Briggs & L.A.S. Johnson. 


When we described Chorciifex we also segregated from Restio three new, small genera, 
Acion, Guringalia and Saropsis (Briggs & Johnson 1998a) and transferred two species 
into Acion and one each into the latter two genera. These species differed from 
Chorciifex, as it was then circumscribed, in lacking the distinctive and very prominent 
culm anatomical feature of pillar cells (Cutler 1966, Briggs & Johnson 1998a, 1999) 
extending across the chlorenchyma. These thick-walled cells divide the chlorenchyma 
into linear segments and produce a striated culm surface. They were among the major 
features characterising the anatomical groups distinguished by Cutler (1969) within 
Restio as then broadly circumscribed and defining a major multi-generic lineage in a 
tentative phylogeny of Restionaceae (Johnson & Briggs 1981). The presence of 
uninterrupted chlorenchyma led to comparisons of these four species being made 
principally with Baloskion, which also shares an eastern Australian distribution, rather 
than with Chorciifex. Inflorescence, floral, and seed coat features (Figs 1, 2) all 
distinguish these species from Baloskion, while features of culm branching, culm 
sheaths, single or multiflowered spikelets, and numbers of cell layers in the 
chlorenchyma characterised each of the segregate genera. 


Phylogenies based on DNA data for three segments of the chloroplast genome (rbcL, 
trnL-trnF and mat K) strongly support the distinctness of the African and Australian 
lineages and the separation of Chorciifex and Baloskion., but show Acion, Guringalia and 
Saropsis embedded within Chorciifex (Briggs et al. 2000, Marchant pers. com.). Referring 
to these four eastern Australian species, Briggs et al. (2000) observed that 'It is notable 
that these associate with the south-western Australian genus Chorciifex, which they 
resemble in seed ornamentation, rather than with Baloskion’ and 'The phylogeny 
inferred from these [DNA] findings suggests that a prominent and distinctive feature 
of culm anatomy, the presence of pillar cells, may have been lost in several separate 
clades . Thus pillar cells are now considered have evolved early in the diversification 
of Australian Restionaceae (although after divergence of Lepyrociia group) and 
presence or absence of pillar cells is considered to be unreliable basis for characterising 
monophyletic groups in Australian Restionaceae. Seed-coat characters, however, are 
given prominence by their congruence with DNA data in corroborating relationships 
that were previously considered unlikely on grounds of culm anatomy and 
biogeography. Other vegetative and reproductive features of the three eastern genera 
are compatible with those of Chorciifex, which already includes a relatively diverse 
array of species. These three genera are therefore placed in synonomy and new 
combinations in Chorciifex provided for the relevant species. 


Congeneric with the named species of Chordifex are five Western Australian species 
that are described here. These were not collected until recent decades or were not 
distinguished from related species. The names now published were included (without 
ormal description) in the conspectus of our classification of Australian Restionaceae 
(Briggs & Johnson 1999). Information on their features and biology, in advance of 
formal naming, was also given by Meney, Pate & Hickman (1999), who provide 
exceUent illustrations of these and the already-named species. Further information on 
ie biology, ecology and conservation of various species is given in other chapters of 

“ e "% T ,R a,e ( T?' A " aCC ° Unl ° f 311 ° f CMifeLm be given SX lira 

fAustialm (Briggs, Johnson, Porter & Krauss, in preparation). 
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Baloskion and Chordifex seed surface patterns 

Seed surfaces in those Restionaceae with indehiscent or late-dehiscent fruit are mostly 
smooth or almost so. Where the seed is the disseminule, the seed surfaces show much 
variation and provide features that are synapomorphies of clades or assist in 
characterising genera (Linder 1984, Briggs & Johnson 1998a, 1999). In Baloskion the 
pedicel of the flower is fused to the subtending glume and the seeds are mostly 
dispersed within the late-dehiscent capsule, still attached to the glume, and the seed 
surface is almost smooth (Fig. 1). In most seed-dispersed species the outer cellular 
layer is white, fragile and easily removed. In most Chordifex species this layer is 
colliculate, with lines of convex cells with a thick cuticle, and these often also bear a 
pattern of smaller angular cells, apparently the imprint of the cells of the inner layer 
of the pericarp. Such features are shown by the four eastern Australian species 
transferred to Chordifex (Fig. 2) and by three of the newly described species: C. 
capillaceus, C. microcodon and C. jacksonii (Figs 3,4). A small group of Chordifex species, 
however, have strikingly ridged seeds, as in the two new species C. sinuosus and C. 
reseminans (Figs 5, 6). Such seed ornamentation, seen also in C. chaunocoleus , but not in 
the somewhat similar species C. sphacelatns and C. laxus, appears to be an apomorphic 
development from the more widespread colliculate character state. The ridge- or 
colliculate-pattem is still clearly shown on the inner surface of the capsule wall after 
the seeds have been shed. 

Synonymy and new combinations in Chordifex 

Chordifex B.G. Briggs & L.A.S. Johnson, Telopea 7: 356 (1998). 

Synonyms: Acion B.G. Briggs & L.A.S. Johnson, Telopea 7: 353 (1998); Guringalia B.G. 
Briggs & L.A.S. Johnson, Telopea 7: 353 (1998); Saropsis B.G. Briggs & L.A.S. Johnson, 
Telopea 7: 355 (1998). 

New combinations 

Chordifex dimorphus (R. Br.) B.G. Briggs, comb. nov. 

Basionym: Restio dimorphus R. Brown, Prodr.: 246 (1810). 

Synonym: Guringalia dimorpha (R. Br.) B.G. Briggs & L.A.S. Johnson, Telopea 7: 353. 
Chordifex fastigiatus (R. Br.) B.G. Briggs, comb. nov. 

Basionym: Restio fastigiatus R. Brown, Prodr.: 246 (1810). 

Synonym: Saropsis fastigiata (R. Br.) B.G. Briggs & L.A.S. Johnson, Telopea 7: 356. 
Chordifex hookeri (D.I. Morris) B.G. Briggs, comb. nov. 

Basionym: Restio hookeri D.I. Morris in M.R. Banks et al. (eds), Aspects Tasmanian Bot., 
Tribute to Winifred Curtis: 33 (1991). 

Synonym: Acion hookeri (R. Br.) B.G. Briggs & L.A.S. Johnson, Telopea 8: 22 (1998). 
Chordifex monocephalus (R. Br.) B.G. Briggs, comb. nov. 

Basionym: Restio monocephalus R. Brown, Prodr.: 245 (1810). 

Synonym: Acion monocephalum (R. Br.) B.G. Briggs & L.A.S. Johnson, Telopea 7; 355 
(1998). 
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Fig. 1. Seed surfaces, a, b, Baloskion pollens (R. Br.) B.G. Briggs & L.A.S. Johnson (Bowenia State 
Forest, Qld., 5 May 1981, Johnson 8656 [NSW]); c, d, Baloskion tetraphyllum (Labill.) B.G. Briggs & 
L.A.S. Johnson subsp. meiostachyum (L.A.S. Johnson & O. Evans) B.G. Briggs & L.A.S. Johnson 
(Kendall, NSW, Bailey, Sep 1932 [NSW 47937]). Scale bars: a, c = 200 pm; b, d = 50 pm. 



d 


Fig. 2. Seed surfaces, a, b, C. dimorphus. (Ku-ring-gai Chase, Constable 18 Sep 1958 [NSW 48845]); 
c, d, C. hookeri (Mt Tim Shea, Tasmania, 18 Jan 1962, /. Vickery [NSW 57045]). Scale bars: a = 500 pm; 
b = 50 pm; c = 300 pm; d = 100 pm. 
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Fig. 3. Seed surfaces, a, C. cnpillaceus (Briggs 7662); b, c, C. microcodon (Briggs 7491); d, C. jacksonii 
(Briggs 9442). Scale bars: a = 80 pm; b = 500 pm; c = 50 pm. 





c d 


Fig. 4. Seed surfaces, a, b, C. jacksonii (Briggs 9442); c, d, C. amblycoleus (21 Km ENE of Karridale, 
6 Oct 1984, B. Briggs 7575 & L. Johnson [NSW]). Scale bars: a = 50 pm; b = 20 pm; c = 200 pm; 
d = 100 pm. 
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C d 

Fig. 5. Seed surfaces, a, b, C. sinuosus (Briggs 7445); c, d, C. sphacelatus (12 km WNW of Wellstead, 
13 Sep 1990, Briggs et al. 8710 [NSW]). Scale bars: a = 400 pm; b = 170 pm; c = 500 pm; d = 50 pm. 



d 


Fig. 6. Seed surfaces, a, b, C. reseminans ( Briggs 9376); c, d, C. chaunocoleus (c. 8 km SW of Toodjay, 
28 Sep 1990, Briggs et al. 8636 [NSW]). Scale bars: a, b, c, = 500 pm; d = 50 pm. 
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Description of new species 
Chordifex capillaceus B.G. Briggs & L.A.S. Johnson, sp. nov. 

Inter species Chordificis combinatione characterum sequentium distinguitur: 
rhizomata gracilia (1—1.5 mm diam.); culmi graciles (0.3-0.7 mm diam.); spiculae 
femineae fructiferae graciles elongataeque. 

Type: Western Australia: 1 km W of South Stirling at north end of Pfeiffer Road, W.A., 
8 Oct 1984, B.G. Briggs 7662 & L.A.S. Johnson 9 (holo: NSW; iso AD, CANB, K, MO, 
MEL, PERTH). 

Plants mostly forming a dense small clump. Rhizomes slender, horizontal, much 
branched and intertwined, to c. 15 cm long, c. 1.0-1.5 mm diam., red-brown and 
sparsely pubescent, with small brown, scarious, appressed scales. Culms slender, 
numerous and closely spaced on the rhizomes, 1.3-8 mm apart, erect, terete, 0.5-0.7 
mm diam., glabrous above the lowest internode, striate; fertile culms mostly 
unbranched below the inflorescence, 5-20(-40) cm long, usually simple but 
occasionally branched, nodes (below the inflorescence) 1-3, the lowest internode 
mostly more slender (0.3-0.5 mm diam.) and often sparsely pubescent; sterile culms 
mostly shorter, repeatedly branched, the branches erect or flexuose and terete to 
compressed. Sheaths appressed; basal sheaths light-brown; cauline sheaths 4-10 mm 
long, greeia to brown, ciliate, smooth or slightly ribbed, acute with a caducous lamina 
c. 1 mm long. Male inflorescence of 1-3 erect or pendulous spikelets, lower spikelets 
on peduncles to 8(—15) mm long, upper spikelets sessile or shortly pedunculate; 
subtending bracts similar to culm sheaths. Female inflorescence of l-2(-4) erect 
spikelets at the uppermost node(s). Male spikelets ovoid, 4-15 mm long, 2.5-6.0 mm 
wide; 3-15 glumes, all fertile, lanceolate, light-brown, glabrous or lowest glume 
apically pubescent, acute, 4.0-4.5 mm long. Female spikelets very narrow oblong, 8-15 
mm long, 1.5-3.0 mm wide; glumes 3-5, all fertile, similar to males, 4.0-5.5 mm long; 
spikelet axis elongating in fruit to 15(-25) mm long, so that the flowers are widely 
separated. Male flowers: tepals 5, lanceolate, acute, membranous, pale, 2.6-3.0 mm 
long; outer tepals keeled, occasionally pubescent; inner tepals flat, glabrous; stamens 
3, filaments 3.0-3.5 mm long, anthers (1.3-)1.8-2.1 mm long. Female flowers shortly 
pedicellate; tepals 5, similar to males; staminodes 3; styles 2, free almost to the base, 
mostly stigmatic. Capsule c. 1-2 mm long, smooth, brown. Seed oblong-cylindrical, c. 
1.3 mm long, colliculate with lines of convex cells. (Figs 3a, 7). 

The epithet is from the Latin capillus, a hair, referring to the very slender culms. 

Distribution: occurs in the south of Western Australia from South Stirling to Chillinup 
and Wellstead, c. 100 km NE of Albany. Grows in heathy shrubland on yellow sand, 
often with laterite gravel; in somewhat poorly drained situations in a low-rainfall 
region. 

Conservation status: common (Meney, Pate, Dixon, Briggs & Johnson 1999) and 
moderately widespread. 

Fire response: killed by fire. 

Note: Somewhat resembling C. ornatus, but culms shorter and more slender, with less 
branching of the vegetative culms; with small appressed culm sheaths; male spikelets 
ovoid, with fewer glumes and glumes acute. Culms of C. ornatus are 20-35 cm tall, 
0.5-1 mm diam., with lax sheaths 8-17 mm long; the male spikelets are globular with 
20-55 glumes and the glumes aristate. Chordifex ornatus occurs near Tambellup and the 
Stirling Range. 
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Selected specimens examined: Western Australia: Eyre: South Stirling, just W of township, 4 Oct 
1976, B. Briggs 6586 5 , 6602 9 (NSW, CANB, K, PERTH, RSA), 6603 6 (NSW, CANB, PERTH); 
1 km W of South Stirling at N end of Pfeiffer road, 8 Oct 1984, B.C. Briggs 7661 & LAS. Johnson <3 
(NSW, AD, B, BOL, CANB, K, MEL, MO, PE, PRE, PERTH, RSA); WeUstead, Hassell Hwy, Apr 
1992, K. Meney & J. Pah’ (NSW 254925); 2 km E of Wellstead, 29 Aug 1998, B.G. Briggs 94536, 9454 
9 (NSW); 13 km NW of Black Head, 23 Sep 1973, K. Nervbey 3840 9 (PERTH, NSW); 3.7 km along 
the Boat Harbour road from the turn-off on the Hassell Hwy, 25 jun 1976, D.J. McGillivray 3498 & 
AS. George 9 (NSW, K, MO, PERTH), 3499 6 (NSW, AD, PERTH). 

2. Chordifex microcodon B.G. Briggs & L.A.S. Johnson, sp. nov. 

Inter species Chordificis combinatione characterum sequentium distinguitur: planta 
caespitosa; culmi crassi (1.5-2.3 mm diam.), teretes, ramosi; spiculae campanulatae; 
spiculae masculae plerumque pendulae. 

Type: Western Australia: 22.8 km E of Brand Hwy on Green Head-Coorow Road, 
Alexander Morrison Natl Park, 30 Sep 1984, B.G. Briggs 7733 & L.A.S. Johnson 9 (holo: 
NSW; iso: K, PERTH). 

Plant caespitose, the base with short brown scales partly covering a dense pale woolly 
pubescence. Culms numerous, densely dumped on the very short rhizomes, 
branched, mostly erect, ± terete, 40-70 cm long, main culms 1.5-2.3 mm diam., striate, 
basally pubescent with white appressed hairs; the branches straight or flexuose or 
occasionally convoluted and then usually barren; internodes several, 4.5-9.0 cm long. 
Sheaths lax, open, flaring from the base, 0.6-1.9 cm long, scarious, smooth to striate, 
dark tan, glabrous, obtuse to truncate, lamina c. 1-1.8 mm long. Inflorescence with 
long (to 15 cm), spreading lower branches and short upper branches, spikelets 
numerous; the males mostly pendulous on short, filiform pedicels; females erect; 
subtending bracts similar to culm sheaths. Male spikelets campanulate, 7-10 mm long, 
3-4 mm wide; sterile lower glumes 15-21; fertile upper glumes 10-16, lanceolate, 
brown, usually glabrous, acuminate, 2.5-7.5 mm long; mucro 0.5-0.9 mm long. Female 
spikelets campanulate, slightly shorter than males; sterile lower glumes 6-13; fertile 
upper glumes 1—3(—11), similar to males, broad-lanceolate, 2-5 mm long; mucro c. 1 mm 
long. Male flowers: tepals 5, linear, membranous; outer tepals keeled, c. 3.5 mm long, 
sparsely pubescent; inner tepals slightly shorter, flat, glabrous; stamens 3; filaments 
filiform, 3.0-4.5 mm long; anthers 2.0-2.4 mm long, becoming spirally twisted. Female 
flowers: tepals 5, narrow lanceolate, rigid, acute; outer tepals keeled, c. 3.5 mm long, 
sparsely pubescent; inner tepals slightly shorter, flat, glabrous; staminodes 3; styles 2, 
mostly free, half-stigmatic. Capsule compressed, 2.0-2.5 mm long. Seed globose, c. 1.3 
mm long, colliculate with lines of convex cells. (Figs 3b, c; 8). 

The epithet is from the Greek, mikros, small, and kodon, a bell, referring to the shape of 
the spikelets after anthesis. 

Distribution: occurs in Western Australia from Eneabba to Regans Ford district and 
south to near Wanneroo. On deep sand, or sand over laterite, in heath and woodland, 
mostly in well-drained sites. 

Conservation status: common and widespread. 

Fire response: killed by fire. 

Note: A distinctive species, differing from other Chordifex species by the following 
combination of characters: habit caespitose; culms stout, terete, branching; spikelets 
campanulate and often pendulous. Chordifex microcodon is a host to a pathogenic smut 
fungus tentatively identified as a species of Tolyposporium (Sieler et al. 1999); smutted 
male plants may produce infertile inflorescences similar in appearance to those of 
female plants. 


Briggs and Johnson, Chordifex (Restionaceae) 


691 



Fig. 7. Chordifex cnpillciceus. a-d, female (Briggs 7662): a, habit; b, spikelet; c, capsule; d, dehisced 
capsule;, e, male spikelet (Briggs 6586). Scale bars: a = 2 cm; b = 3 mm; c, d = 1 mm; e = 3 mm. 
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Fig. 8. Cliordifex microcodon, a-c, female (Briggs 7733 & Johnson): a, habit (part of a plant with many 
culms), b, flower; c, dehisced capsule with emerging seed; d, e, male (Briggs 7490 & Johnson): 
d, inflorescence; e, spikelet. Scale bar: a, d = 8 cm; b, c = 4 mm; e = 1.5 cm. 
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Selected specimens examined: Western Australia: Irwin: 25 miles [40 km] W of Winchester to 
Eneabba, 30 Sep 1966, E.M. Bennett 7 405 8 (PERTH, NSW); 29 km S of Eneabba on Brand Highway, 
29 Sep 1984, B. Briggs 7490 & L. Johnson 8,7491 9 (NSW, CANB, NBG, PERTH); 22.8 km E of Brand 
Hwy on Green Head-Coorow Road, Alexander Morrison Natl Park, 30 Sep 1984, B.G. Briggs 7732 
& L.A.S. Johnson 8 (NSW, PERTH); 5 km SE of Badgingarra, 10 Sep 1979, G.J. Keighery 2554 8 
(PERTH, NSW); 6.5 km S of New Badgingarra, Badgingarra Natl Park, 25 Sep 1976, B. Briggs 6312 
8 (NSW, CANB, K). Darling: 19 km WNW of Mogumber, 23 Sep 1966, B.G. Briggs 857 8 (NSW, K, 
PERTH), 858 9 (NSW); 1.5 miles [2.4 km] S of Regans Ford on Gingin road, 23 Sep 1966, B. Briggs 
852 9 (NSW, K, MEL, PERTH); Bullsbrook, May 1944, F.M. Bailey 9 (PERTH); Neaves Rd, c. 15 km 
NE of Wanneroo, 18 May 1983, B. Briggs 7236 & L. Johnson 8 (NSW, CANB, PERTH, K, MEL, RSA), 
7237 9 (NSW, CANB, PERTH). 

3. Chordifex jacksonii B.G. Briggs & L.A.S. Johnson, sp. nov. 

A C. amblycoleo combinatione characterum sequentium distinguitur: culmi graciles (c. 

1 mm diam.); vaginae culmorum acutae, lamina filiformis; spiculae parvae 
globosaeque; semina colliculosa. 

Type: Western Australia: near Mt Frankland, 13 Feb 1913, S.W. Jackson 8 (holo: NSW 
78864; iso: CANB, K, MEL, AD, MO, PERTH). 

Plant tufted; the base with brown, scarious scales covering a pale woolly pubescence. 
Culms few, erect, straight, terete or slightly compressed, simple, 40-100 cm long, c. 1 mm 
diam., striate, glabrous. Sheaths imbricate, closely appressed, 1.6-2.2 cm long, striate, 
light-brown to straw-coloured, tapering into a filiform lamina (2—)4—7 mm long. 
Inflorescence of up to 5 spikelets on each of several long, filiform, occasionally 
branched peduncles; subtending bract usually apically ciliate, similar to culm sheaths 
or shorter. Male spikelets ovoid to globose, c. 5 mm long, 3-5 mm wide; sterile lower 
glumes 15-38, fertile upper glumes 4-14, oblong-ovate to spathulate, apex sparsely 
ciliate, 1.5-2.5 mm long; mucro erect or spreading, 1.5-2.2 mm long; uppermost c. 5 
glumes smaller and sterile. Female spikelets similar to males. Male flowers: tepals 6, 
red-brown; 2 outer tepals keeled, sparsely pilose along keel; lanceolate, usually obtuse, 
2.2-2.8 mm long; inner tepals and 3rd outer tepal, glabrous, 1.9-2.7 mm long; stamens 
3; filaments 2.5 mm long; anthers c. 1.2 mm long. Female flowers: tepals similar to 
males, glabrous; staminodes 3; styles 2, free, almost wholly stigmatic. Capsule 2.5 mm 
long. Seed ellipsoid, white, 1.9 mm long, colliculate with lines of convex cells. (Figs 3d; 
4a, b; 9). 

The epithet commemorates Sydney William Jackson (1873-1946), a noted collector of 
bird and plant specimens. He first collected this species, as his handwritten specimen 
label states: 'on low damp sandy flat near Mt Frankland ... under great difficulties . 

Distribution: occurs in the south of Western Australia, near and west of Mt Frankland, 
NW of Walpole. Grows in wet heaths on damp, sandy flats. 

Conservation status: vulnerable, known from few localities, CALM conservation 
status P2 (Meney, Pate, Dixon, Briggs & Johnson 1999; Wheeler et al. 2002). 

Fire response: killed by fire. 

Note: Chordifex jacksonii resembles the more widespread and robust species 
C. amblycoleus (F. Muell.) B.G. Briggs & L.A.S. Johnson, although these do not appear 
as sister species among Chordifex species sampled in DNA-based phylogenetic 
analyses (Marchant pers. com.). Chordifex jacksonii has more slender culms, acute culm 
sheaths that taper into a filiform lamina and small ovoid or globular spikelets that do 
not elongate in fruit. Chordifex amblycoleus has culms 1-2 mm diam., truncate sheaths 
with lamina absent or minute, and ovoid or narrow ovoid spikelets 6-23 mm long, 
elongating in fruit; it occurs near Jindong (Busselton region) and from Augusta to 
Walpole. The seed surfaces of the species differ; seeds of C. jacksonii are colliculate with 
lines of large convex cells whereas C. amblycoleus seeds have narrow, widely spaced 
ridges (Figs 4c, d). 
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Selected specimens examined: Western Australia: Darling: Beardmore Rd intersection with South 
Western Hwy, 34 km W of Walpole, Oct 1990, S. Pignntti 9 (KPBG); 0.3 km E of Beadmore Rd and 
South Western Highway intersection, 28 Aug 1998, B. Briggs 9442 $ (NSW); 3.5 km E of South 
Western Hwy on Beardmore Rd, 14 Oct 1992, B.G. Briggs 9078 & K. Meney 6 (NSW, CANB, 
PERTH), 9079 9 (NSW); Pingerup Rd, c. 4 km NE of Marron Rd junction, 5 May 1991, N. Gibson 
& M. Lyons 630 9 (PERTH); near Mt Frankland, 13 Feb 1913, S.W. Jackson 9 (NSW 91597). 

4. Chordifex sinuosus B.G. Briggs & L.A.S. Johnson, sp. nov. 

A C. sphacelatus combinatione characterum sequentium distinguitur: vaginae 
culmorum mucrone 1-2 trim longo instructae; mucro glumae 1-1.7 mm longus; culmi 
teretes (autem rami compressi); semina valde porcata. 

Type: Western Australia: 34 km NNW of Gingin on Brand Hwy, B.G. Briggs 7445 & 
L.A.S. Johnson 9 (holo: NSW; iso PERTH, CANB, K, MO). 

Forming diffuse tussocks or large patches of widely spaced culms. Rhizome horizontal 
to c. 20 cm long or more, stout, 3-5 mm diam., with scarious, pale- to dark-brown, 
appressed scales partly covering a pale, thick, woolly pubescence. Culms at intervals 
of c. 0.5-1.0 cm on the rhizome, usually much branched, initially erect but sinuose 
distally, terete, 20-45 cm long, c. 1 mm diam., striate, grey-green, mostly glabrous or 
the basal internodes occasionally pubescent; branches short, sinuose or convoluted, 
terete or compressed, often barren; intemodes numerous, 2.5-5.5 cm long. Sheaths 
loosely appressed, 0.6-1.2 cm long, initially red-brown or blackish, often grey and 
weathered with age; apex obtuse or truncate, shortly ciliate; margins narrow, 
caducous, membranous; mucro 1-2 mm long. Inflorescence of 1-4 spikelets, the 
spikelets terminal on the culm or on short lateral branches, or sessile at the upper 
nodes; subtending bracts similar to culm sheaths but shorter. Male spikelets ovoid, 
5-10 mm long, 3-4 mm wide; sterile lower glumes 5-12; fertile upper glumes c. 15—18, 
broad-ovate, mostly glabrous, brown, acute, 3.0-4.0 mm long, outer margin with a few 
hairs; mucro 1-1.7 mm long. Female spikelets elliptic to ovoid, 6-8 mm long, 3.0—1.0 
mm wide; 11-21 sterile lower glumes and 2 or 3 fertile upper glumes, similar to males, 
obtuse to acute, 2.5-4.5 mm long, occasionally with a few short hairs on margin. Male 
flowers: tepals 5 or 6, pale-brown, membranous, 2.5-3.0 mm long; outer tepals keeled, 
pubescent; inner tepals flat, narrow-lanceolate, acute; stamens 3; filaments stout and 
basally dilated and spongy, 3.0-4.0 mm long; anthers c. 1.5-2.0 mm long. Female 
flowers: tepals 5, brown, lanceolate, 4.0-5.7 mm long; 2 outer tepals keeled and 
pubescent; inner tepals flat; staminodes 3, 1.2-1.5 mm long; styles 2, bases connate. 
Capsule 2.2-2.8 mm long, smooth, brown. Seed ovoid, c. 2 mm long, prominently 
ridged. (Figs 5a, b; 10). 

The epithet is from the Latin sinuosus, full of bendings, referring to the flexuose culms. 

Distribution: occurs in Western Australia from Walkaway near Geraldton south to 
Perth and Yarloop. Grows in heaths and woodland on sand, in dry or seasonally moist 
sites. 

Conservation status: common and widespread. 

Fire response: resprouts after fire. 

Note: Chordifex sinuosus resembles C. sphacelatus, which occurs from Kulin and Albany 
to Israelite Bay, but differs in the longer mucro on culm sheaths and glumes, the culms 
terete in the upper half (though culm branches + compressed) and the seeds being 
very strongly ridged. Chordifex sphacelatus has the mucro on culm sheaths < 0.5 mm 
long and on glumes absent or minute; the upper culms (as well as the branches) are 
compressed and the seeds are colliculate with lines of convex cells (Fig. 5c, d). Both 
these species are hosts to smut fungi tentatively identified as a species of Tolyposporium 
(Sieler et al. 1999). Some of the spikelets on both male and female plants affected by 
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Fig. 9. Chordifex jacksonii. a-f, female (Briggs 9079): a, habit; b, inflorescence; c, spikelet; d,capsule; 
e, f, dehisced capsule, side and top views; g-h male (Jackson NSW 78864): g, culm sheath, h, spikelet. 
Scale bar: a = 9 cm; b = 3 cm; c,h = 1 cm; d, e, f = 0.3 cm; g = 0.5 cm. 
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Fig. 10. Chordifex sinuosus. a-d, female: a, habit; b, spikelet; c, dehisced capsule with tepals, 
showing ridges on inner surface of pericarp (holotype); d, young female spikelet (Krtiuss 142 & 
Howitt ); e, male inflorescence f, male spikelet (Pate & Meney NSW 255721). Scale bar: a = 10 cm, 
b = 1 cm, c = 0.6 cm, d, f = 0.75 cm, e = 3 cm. 
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this inflorescence-smut are enlarged (to 16 mm long and 11 mm wide) and infertile, 
with the glumes modified in shape and lacking a mucro. Largely because of such smut 
infection, female plants of C. sphacelatus are often infertile and few specimens bear 
seeds or well-developed capsules. Occasional uninfected plants, such as Briggs 8710 et 
al. bear abundant capsules and seed. 

Selected specimens examined: Western Australia; Irwin: Burma Rd, 13.3 km SE of 
Nangetty-Walkaway Rd, 13 Aug 1991, B. Briggs 8894 & L. Johnson 9 (NSW, PERTH); 27 km SE of 
Dongara, 26 Oct 1981, K. Newbeij 9379 6 (PERTH); 31 km NNW of Eneabba on Brand Highway, 
22 Apr 1989, S. Krauss 142 & L. Howitt 9 (NSW, CANB, K, MO, PERTH); 11.7 km S of Eneabba Road 
on Brand Highway, 6 Oct 1995, B.G. Briggs 9374 & J. Pate 6 , 9373 9 (NSW, PERTH); Brand 
Highway 12.3 km S of Eneabba, May 1992, /. Pate & K. Meney 6 (NSW 255721), 9 (NSW 255721). 
Darling: c. 1.5 km NE of Mt Lesueur, 24 May 1983, L.A.S. Johnson 8719a 3, 8719b 9 (NSW); 30 km 
E of Jurien Bay, 2 Sep 1976, R.G. Coz’em/ 8005 & B.R. Maslin 6 , 8020 9 (NSW); 6 km S of Regans 
Ford, N of Gingin, 23 Sep 1966, B.G. Briggs 845 9 (NSW, K, MEL, PERTH); 34 km NNW of Gin Gin 
on Brand Highway, 28 Sep 1984, B. Briggs 7445 & L Johnson 9 (NSW); High Wycombe, 31 May 1998, 
M. Hislop 1056A 9, 1056B 6 (PERTH, NSW); Maida Vale Rd, Kewdale, 7 Sep 1976, R.G. Coveny 8224 
6 (NSW, AD, MEL); 0.8 km N of Yarloop, B. Briggs 7528 & L. Johnson 9 (NSW, AD, CANB, PERTH). 

5. Chordifex reseminans B.G. Briggs & L.A.S. Johnson, sp. nov. 

A C. sphacelato combinatione characterum sequentium distinguitur: planta caespitosa; 
rhizomata brevia; inflorescentiae spiculis numerosis instructae; a C chaanocoleo sic 
distinguitur: rami inflorescentiae producti; mucro glumae brevis (usque 1.5 mm 
longus). 

Type: Western Australia: 11.7 km S of Eneabba Road on Brand Highway, 6 Oct 1995, 
B.G. Briggs 9375 & J. Pate 6 (holo NSW; iso CANB, K, MO, NBG, PERTH, RSA). 

Plants caespitose, forming dense clumps to 30 cm diam. Rhizomes short, horizontal, 
much-branched and interlaced, up to 3 cm long on specimens, c. 3 mm diam., with 
short straw-coloured scales covering a pale pubescence. Culms crowded, initially erect 
and unbranched, with 3-4 long intemodes, but usually branched and sinuose distally, 
terete, 30-60 cm long, 1.0-1.4 mm diam., striate, mostly glabrous or the basal 
internodes occasionally pubescent; branches at several upper nodes, sinuous, terete or 
compressed. Sheaths loosely appressed, (0.8—)1—2 cm long, initially red-brown but 
becoming grey and weathered with age; apex obtuse or truncate, shortly ciliate, with 
narrow, caducous, membranous margins; lamina 1.5-3 mm long. Inflorescence: lateral 
branches to 10 cm long, each with 2-10 (males) or 1-4 (females) sessile or pedicellate 
spikelets near the apex; subtending bracts similar to culm sheaths but shorter. Male 
spikelets ovoid, 4.5-6 mm long, 3-4 mm wide; sterile lower glumes c. 12-15; fertile 
upper glumes c. 11—16, broad-ovate, brown, acute, 3.0-3.7 mm long, mostly glabrous 
but distal margin with a few hairs; mucro to 1.2 mm long; Female spikelets elliptic to 
ovoid, 6-8 mm long, 3.0-4.0 mm wide (when fruiting up to 6-7 mm wide); sterile 
lower glumes 11-25; fertile upper glumes 2 or 3, similar to males, obtuse to acute, 
3.5-6.0 mm long, occasionally with a few short hairs on margin; mucro to 1.5 mm long. 
Male flowers: tepals 5 or 6, pale-brown, membranous, 2.5-3.0 mm long; outer tepals 
keeled, pubescent; inner tepals flat, narrow-lanceolate, acute; stamens 3; filaments 
stout, dilated and spongy at the base, 3.0-4.0 mm long; anthers c. 1.5-2.0 mm long. 
Female flowers: tepals 5, brown, lanceolate, 4.7-6.3 mm long; 2 outer tepals keeled and 
pubescent; inner tepals flat; staminodes 3, 1.1-1.5 mm long; styles 2, bases connate. 
Capsule (2.2-)2.4-2.8 mm long, smooth, glossy, brown. Seeds ovoid, 1.4-2 mm long, 
prominently striated. (Figs 6a, b; 11). 

The epithet is from the Latin re-, again or very, and semen, a seed, (plural semina), 
referring to the reproductive habit of establishing from seed, rather than resprouting, 
after fire or disturbance. 
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Fl g. 11. Chordifex resemimns. a-d, male: a, habit; b, flower; c, spikelet; d, inflorescence (holotype). 
e, t, female: e, young spikelet; f, old spikelet with dehisced capsule showing ridges on inner surface 

of pericarp (Pate & Money NSW 255720). Scale bar: a = 7.5 cm, b = 0.4 cm, c, e, f = 0.75 cm, 
d = 3 cm. 












































Briggs and Johnson, Chordifex (Restionaceae) 


699 


Distribution: occurs in Western Australia from near Eneabba to Cataby. Grows in dry 
heath, shrubland and woodland on white sand. 

Conservation status: endangered, rare and restricted in distribution (Meney, Pate, 
Dixon, Briggs & Johnson 1999; Meney, Pate & Hickman 1999), known from few 
localities, in a region where there has been much loss of natural habitat. Especially 
vulnerable because of its fire sensitivity. 

Fire response: killed by fire. 

Note: Differs from C. sinuosus in the caespitose habit with culms crowded on short, 
interlaced, branching rhizomes, longer culm sheaths, more branching in the 
inflorescence; more spikelets per culm and recovery after fire by seed rather than 
resprouting. The two species sometimes occur together (e.g. Briggs 8917b and at the 
type locality). In habit and fire response it resembles C. chaunocoleus but the 
inflorescence branches are longer and the glume mucro shorter. Chordifex chaunocoleus 
has inflorescence branches to 2.5 cm long, glumes with a mucro 0.8-2.4 mm long, and 
occurs in isolated localities near Badgingarra and Toodyay. All three species have 
similar, strongly ridged seeds (Figs 5, 6). 

Specimens examined: Western Australia: Irwin: 11.7 km S of Eneabba Road on Brand Highway, 
6 Oct 1995, B.G. Briggs 9376, 9377 & /. Pate 9 (NSW, PERTH, NBG); Brand Highway, 12.3 km S of 
Eneabba, May 1992, /. Pate & K. Meney 8 (NSW 255717), 2 (NSW255720); 16 km N of Cooroo Road 
on Highway 1,15 Aug 1991, B.G. Briggs 8917b & L.A.S. Johnson 8 (NSW, PERTH, BOL); 29 km N 
of Tootbardi Road, Badgingarra, 31 Nov 1990, K. Meney/K. Dixon 911 9 (KPBG, NSW); Bibby Road, 
N boundary of Badgingarra National Park (Reserve 31809), W of Badgingarra, 7 Dec 1992, E.A. 
Griffin 8321 9 (PERTH); Cataby, Apr 1992, K. Meney & J. Pate 8 (NSW 416522), 9 (NSW 254918). 
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The tribe Triodieae (Chloridoideae: Gramineae) 

S.W.L. Jacobs 


Abstract 

Jacobs, S.W.L. (Royal Botanic Gardens Sydney, Mrs Macyuaries Road, Sydney, NSW 2000, Australia) 2004. 
The tribe Triodieae (Chloridoideae: Gramineae). Telopea 10(3): 701 —703. The tribe Triodieae is formally 
published and delimited, and a key to the four genera provided. 


Introduction 

The Flora of Australia series requires that the names for all levels of taxa must be 
formally published before they cart be used. 

Bentham (1881) described the subtribe Triodiinae within his Festuceae (Pooideae: 
Gramineae). Bentham circumscribed his subtribe on the basis of >2 (fertile) florets per 
spikelet, lemmas rarely >3-nerved, and ending in 3 teeth, lobes or awns. He included 
Triodia, Diplachne, Triplasis, Scleropogott, Eremochloa and Triraphis, genera now usually 
placed in three different subfamilies: Triodia, Diplachne, Triplasis and Triraphis are all 
usually placed in the subfamily Chloridoideae (Watson and Dallwitz 1992); 
Scleropogon is retained in the Pooideae; and Eremochloa is usually placed in the 
Panicoideae. Of Bentham's original defining characters, the only one that more or less 
still holds for the current usage of Triodieae is the 'lemmas ... ending in 3 teeth, lobes 
or awns'. 

Triodia is the only genus of Bentham's subtribe Triodiineae retained in the tribe Triodieae 
as currently used, and is here selected as the lectotype of the subtribe. Watson and 
Dallwitz (1980) seem to have been the first to actually use the name ‘Triodieae’ for a 
tribe containing Triodia and related genera, the same sense in which it is used here. The 
tribal name has been used elsewhere (Wheeler et al. 1982, 2002, Macfarlane 1992) with 
many authors not concerned about the formal publication of names above the genus 
level. Walsh (1994) retained subtribe Triodiineae but transferred it to the tribe 
Eragrostideae (Chloridoideae) and interpreted it in the same sense as used here for 
Triodieae. Triodia and its relatives are now generally accepted as being Chloridoid 
grasses (Jacobs 1971, Watson & Dallwitz 1980,1992, Jacobs & Pickard 1981, Wheeler et 
al. 1982, 2002, Macfarlane 1992, Walsh 1994, Lazarides 1997). 

Triodieae (Benth.) S.W.L. Jacobs stat. nov. 

Subtribe Triodiineae Benth. (1881: 30) in part; Walsh (1992: 555). 

Lectotype, here designated, Triodia R.Br. 

Plantae perennes pro parte maxima habitu hemisphaerici ramis aeriis. Laminae 
foliorum planae ad initium sed plicatascentes permanente ubi ariditate afflictiones, 
anatomia 'Kranz' cellulis vaginarum fasciculatarum mesophyllum vice fasciculorum 
vascularium cingentibus. 

Perennials, mostly hummock-forming. Leaves: sheaths often resinous; ligule a row of 
hairs or teeth, or sometimes a narrow, fringed membrane; blade originally flat, 
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permanently folding when stressed, sometimes resinous; anatomically C. 4 with 
distinctive parenchymatous bundle-sheath cells that arch well away from the vascular 
bundle to surround the mesophyll; the stomatal grooves either distributed evenly on 
both surfaces and then the leaves rigid, pungent when dry and usually non-resinous 
('Hard' Spinifex), or the grooves distributed all over the adaxial surface and with few 
near the midrib or none on the abaxial surface and then the blades comparatively soft, 
usually resinous and non-pungent ('Soft' Spinifex). Inflorescence a panicle, or a single 
2- or 1-sided raceme or spike, sometimes reduced to 1 or a few spikelets. Glumes 2, 
1-many-nerved, ranging from ±equal to distinctly unequal, persistent. Florets 
1-many; fertile bisexual florets 1-many, sometimes with incomplete florets or an 
extended, naked rhachilla above; rhachilla disarticulating below each floret and above 
the persistent glumes. Lemma 3-many-nerved, the nerves often in 3 groups; apex 
variously lobed, emarginate, mucronate, awned (1-3), or almost entire. 

Notes: An apparently isolated tribe confined to Australia and dominant in the 
hummock grasslands of arid Australia, but while some species have the Chloridoid- 
type bicellular microhairs, others have the Panicoid-type bicellular microhairs, as do 
some other Chloridoid grasses (Jacobs 1987). hr this treatment, the tribe is kept in 
subfamily Chloridoideae and comprises at least four genera, Triodin, Plectrachne, 
Monodia and Symplectrodia. Lazarides (1997) suggested that Plectrachne be included in 
Triodin but supplied data supportive of dividing both genera into three new genera, 
with possibly even more genera in Triodia s. str., based on leaf morphology and lemma 
apex characters. To these characters could be added the bicellular microhairs and silica 
cells of the epidermes. 


Key to genera 

1 Spikelets with 1 floret; rhachilla prolonged beyond the floret, the extension naked; lemma 


with a single terminal awn . Monodia 

1* Spikelets with more than 1 floret . 2 


2 Fertile floret 1 only, at base of spikelet, with 2 or more incomplete florets widely separated 

on a very long rhachis above it; florets becoming longer towards tip of rhachis . 

. Symplectrodia 

2* Fertile florets more than 1, usually 3-many, closely or loosely imbricate, becoming 
progressively smaller towards tip of rhachis and, if many, upper few often incomplete. 3 

3 Glumes usually shorter than the florets; lemma apex variously emarginate, lobed, toothed or 

nearly entire, not with distinct long capillary awns. Triodia 

3* Glumes usually longer than the florets; lemma apex with three capillary awns 
. Plectrachne 
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Boronia hapalophylla (Rutaceae), a new and 
restricted species from north-eastern New 

South Wales 

Marco F. Duretto, John Edwards and Patricia Edwards 


Abstract 

Duretto, Marco F .', ]olm Edwards and Patricia Edwards 2 ('‘Tasmanian Herbarium, Tasmanian Museum and 
Art Gallery, Private Bag 4, Hobart, Tasmania 7001. Email: marco.duretto@tmag.tas.gov.au; 2 PO Box 179, 
South Grafton, New South Wales 2460) 2004. Boronia hapalophylla (Rutaceae), a new and restricted 
species from north-eastern New South Wales. Telopea 10(3): 705-710. Boronia hapalophylla Duretto, 
F.J.Edwards & P.G.Edwards, a narrow endemic of the Grafton area, north-eastern New South 
Wales, is newly described and illustrated, and notes on its relationships are given. 


Introduction 

Fieldwork in the Grafton area by two of the authors (J. & P. Edwards) located an 
undescribed species of Boronia series Valvatae that is newly described and named 
below as B. hapalophylla Duretto, F.J. Edwards & P.G. Edwards. This species is one of a 
number of undescribed taxa, eg. in Grevillea (Proteaceae) and Bertya (Euphorbiaceae), 
that have been identified from the area. Tire opportunity is taken here to publish a 
formal description and a more detailed account of the species before the forthcoming 
Flora of Australia treatment of the genus. A cladistic analysis of B. section Valvatae was 
completed to help ascertain the relationships of the species within B. series Valvatae. 


Materials and Methods 

Field surveys were conducted by J. and P. Edwards in 2002 and 2003 and herbarium 
material was collected in 2003. 

To determine the phylogenetic position of B. hapalophylla, it was scored for the data set 
of B. section Valvatae sensu lato that was analysed by Duretto and Ladiges (1999) with 
the additions of Duretto (2003). All taxa and characters of these analyses were used 
following the methods as outlined for the third analysis of Duretto and Ladiges (1999). 
The data set was analyzed using PAUP 4.03ba (Swofford 1998) and B. section Alatae, 
B. section Algidae and B. subsection Ternatae were used as outgroups. As it is difficult 
in some species of Boronia, including this one, to determine if the leaves are petiolate 
or sessile a number of analyses were completed: leaves were scored as being both 
sessile and petiolate, just sessile or just petiolate (Character 12). 

Taxonomy 

Boronia hapalophylla Duretto, F.J.Edwards & P.G.Edwards, sp. nov. 

A Boronia rosmannifolia Endl. et B. ledifolia (Vent.) DC. sepalis maioribus (5-10 mm 
longis, 3-7 mm latis; cf. 2-4.5 mm longis, 1.5-3.5 mm latis) et foliis indumento stellato 
sparso vel denso superficial! (cf. glabris vel indumento sparso) differt. 
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Type: Near Grafton [precise information withheld], 16 Sep 2003, F.J. Edumrds A (holo 
HO 523452; iso BRI, NSW). 

Erect, much branched shrub to 3 m tall, very open and spindly, often supported by 
other species when tall. Multiangular stellate hairs sessile, with up to 15 rays; rays to 
0.5 mm long, unicellular, free, firm, straight, glossy, smooth, white to yellow. Branches 
terete to slightly quadrangular in cross section, decurrent leaf bases lacking, not 
obviously glandular, with no massive cork development, with a moderately dense 
stellate indumentum, becoming glabrous with age, regrowing from a rootstock after 
disturbance. Leaves simple, opposite, rarely sub-opposite or in whorls of three, not 
conspicuously glandular, sessile to subsessile, leaf base so strongly attenuate as to 
appear petiolate, apparent petiole to 1.5 mm long; lamina narrow-elliptic to elliptic to 
lanceolate, (13-)18-50(-70) mm long, (l-)3.5-12 mm wide, strongly discolourous, 
paler beneath, dorsiventral, with palisade mesophyll above and spongy mesophyll 
below; tip acute; base strongly attenuate; margins entire, slightly recurved to revolute; 
midrib prominently raised abaxially, with tightly packed parenchyma with secondary 
thickening between midvein and abaxial epidermis, impressed adaxially; adaxial 
surface with a sparse to moderately dense, stellate indumentum; abaxial surface with 
a dense, heterogenous indumentum of two hair types: a moderately dense layer of 
multiangular stellate hairs over a dense layer of peltate stellate hairs. Inflorescence 
axillary, 1-5-flowered, with a dense stellate indumentum; peduncle absent, or 
sometimes 2-5 mm long in inflorescences with 3-5 flowers; prophylls minutely 
unifoliolate, often leaf-like, 1.5-7(-20) mm long, with a dense stellate indumentum, or 
indumentum as leaves; anthopodia [pedicels] 2-6.5 mm long. Sepals broadly ovate- 
deltate, shorter and narrower than petals, acuminate, valvate in bud, 5-7 mm long, 
3-4.5 mm wide, enlarging to 10 mm long and 7 mm wide with mature fruit, persistent; 
adaxial surface densely and minutely pubescent, becoming glabrous towards base; 
abaxial surface with a dense stellate indumentum. Petals pink, valvate in bud, (6-)8-10 mm 
long, enlarging to 15 mm long with mature fruit, with midvein raised abaxially, 
persistent; adaxial surface sparsely pilose, becoming glabrous towards base; abaxial 
surface with a dense stellate indumentum. Stamens all fertile, filaments bearing stiff, 
simple hairs abaxially and on margins below glandular tip; sepaline filaments clavate, 
tapering to anther connective, 2-2.5 mm long, the distal 0.5-1 mm prominently 
glandular; petaline filaments, c. 1.5 mm long, the distal end glandular; anthers 
monomorphic, glabrous; anther appendage erect or reflexed. Disc entire, glabrous, 
rarely with slight swelling opposite sepaline stamens. Ovary glabrous or rarely with 
few stellate hairs at apex; style glabrous or rarely with scattered stellate hairs at base; 
stigma slightly wider than style. Cocci c. 7 mm long, c. 3.5 mm wide, glabrous or 
hirsute. Seeds black, shiny, 5-6 mm long, 2.5-3 mm wide; surface at magnification 
tuberculate; tubercles free. (Fig. 1). 

Specimens examined [precise information withheld]: Near Grafton, 16 Sep 2003, 
EJ. Edwards B (HO, NSW); ibid, 16 Aug 2003, P.C. & F.]. Edumrds 1, 4-7 (HO); ibid, 16 Aug 2003, P.G. 
& F.J. Edwards 2, 3 (HO, NSW); ibid, Aug 2003, F.J. & P.G. Edwards 1-4 (HO). 

Distribution and ecology: Boronia hapalophylla is restricted to a single sandstone rise 
near Grafton, north-eastern New South Wales. Populations are usually found in open 
Eucalypt woodland generally with an open understorey though the species is 
sometimes found in thick gully vegetation dominated by Leptbspermum and Banksia. 
The species appears to flower throughout the year with a main flowering and fruiting 
period in Spring. 

Conservation status: Boronia hapalophylla occurs in scattered numbers in a very limited 
area of approximately five by three kilometers. Some areas do have dense populations, 
eg. one with 200 plants in a 300 m x 20 m area has been recorded. It is found sparingly 
in one Nature Reserve. Supporting infrastructure (roads etc) for a proposed dam in the 
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Fig. 1. Holotype of Boronia hapalophylla : herbarium specimen x 0.4; flowers x 2 (¥.]. Edwards A, HO 
523452). 
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area threatens a significant number of the known populations. Boronin hapalophylla 
appears to be isolated, taxonomically, in B. series Valvatae, and does have any close 
relatives in New South Wales (see 'Relationships' below): increasing its conservation 
significance for the state. A conservation code (following Briggs and Leigh 1996) of 2E 
seems appropriate. 

Boronin hapalophylla is found with other rare and restricted species such as Eucalyptus 
tetrapkura L.A.S.Johnson, Angophora robur L.A.S.Johnson & K.D.Hill, the endangered 
Melichrus hirsutus J.B.Williams MS, and the undescribed taxa in Grevillea and Bertya as 
mentioned above. It is also found with the Corymbia trachyphloia (F.Muell.) K.D.Hill & 
L.A.S.Johnson subsp. trachyphloia / Eucalyptus psammitka L.A.S.Johnson & K.D.Hill 
(Brown Bloodwood/Sandstone Mahogany) community which has been recently 
declared as an Endangered Ecological Community. 

Derivation of name: The epithet is derived from the Greek, hapalo (soft to touch), and 
phyllus (leaf), and refers to the stellate indumentum on the adaxial surface of the leaves 
that can make them soft in appearance and to the touch unlike the other species of 
Boronia in the area. 

Notes: Boronia hapalophylla differs from the closely related species B. rosmarinifolia, 
B. ledifolia and B. chartacea RH.Weston by the large sepals (5-10 mm long, 3-7 mm 
wide; cf. 2-4.5 mm long, 1-3.5 mm wide) and the sparse to dense indumentum on the 
adaxial surface of the leaves (cf. glabrous, B. rosmarinifolia and B. chartacea, or with a 
sparse indumentum, B. ledifolia). 

The density of the indumentum on the adaxial surface of the leaves is variable with 
plants to the south generally having a denser indumentum. Plants from the more 
southern populations may also have a stellate indumentum on the ovary tip and/or 
style, and hirsute fruit whereas these organs are usually glabrous. 

Relationships: Tire species, with two different types of stellate hairs on the abaxial 
surface of the leaves, axillary inflorescences, sepals and petals that are both valvate in 
bud and persistent with mature fruit, and petals with a prominently raised midrib, 
clearly belongs in B. series Valvatae (as defined by Duretto 1999). This is a large series 
that in previous cladistic analyses (Duretto & Ladiges 1999; Duretto 1999, 2003) has 
proven to be very sensitive to character and taxon deletions and additions. Indeed, the 
internal structure of the clade is supported mainly by homoplasious characters and/or 
reversals. Boronia hapalophylla is similar to the B. rosmarinifolia species-group (Qld, 
NSW) in that it usually has sessile, simple leaves. Some specimens of B. hapalophylla, 
though, do have subsessile leaves and the leaves are very attenuate and so can appear 
petiolate, as found in the B. foetidn Duretto species-group (Qld), but not to the same 
degree. With this latter group B. hapalophylla shares the acuminate sepals. It differs 
from both the B. rosmarinifolia and B. foetida species-groups, and from B. chartacea 
(north-eastern NSW), by having an indumentum on the adaxial surface of the leaves 
as do some members of the B. lanccolata F.Muell. species-group (NT, Qld) and 
B. ledifolia (NSW, Vic.). It differs from the other species-group found in series Valvatae 
(viz. the B. alulata Benth. species-group) in having broadly ovate-deltate sepals and 
simple leaves. 

The cladistic analysis, where B. hapalophylla was scored as having both sessile and 
petiolate leaves, produced 55 most parsimonious trees, each of 205 steps. The strict 
consensus tree (not shown) is exactly like the strict consensus tree as shown by Duretto 
(2003: p. 117) except for the addition of B. hapalophylla. This species was placed in 
B. series Valvatae in the B. foetida species-group where it formed a trichotomy with B. 
jensziae Duretto and another trichotomy containing B. bell a Duretto, B. excelsa Duretto 
and B. foetida. The B. foetida species-group, with B. hapalophylla, is part of a trichotomy 
with B. chartacea and the B. rosmarinifolia species-group. This clade of simple-leaved 
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species is sister to a clade containing all the pinnate-leaved taxa in B. series Valvatae 
and B. lanceolata (viz. B. ledifolia, B. Imiceolata species-group, B. aluloto species-group). 
When the leaves of B. hapalophylla were scored as being petiolate the results did not 
change except, of course, for the length of the trees. When the leaves were scored as 
being sessile then 2161 most parsimonious trees were found, each of 206 steps. In the 
strict consensus tree of this analysis the clade containing the simple-leaved species 
identified above collapsed and formed a polytomy with B. ledifolia and another 
polytomy of the B. lanceolata species-group and a resolved clade of the B. alulata 
species-group. The 50 /o majority-rule consensus tree of this analysis was identical to 
the strict consensus trees of previous analyses. 

The analyses confirm the placement of B. hapalopln/lla in B. series Valvatae and indicate 
it is part of the simple-leaved clade that contains B. chartacea and the B. rosmarinifolia 
and B. foetida species-groups. It appears to be more closely related to the B. foetida 
species-group than to the B. rosmarinifolia species-group or B. chartacea. The 
geographically closest member of the B. foetida species-group, B. foetida, is found 
nearly 500 km to the north. Interestingly, B. rosmarinifolia and B. chartacea are each 
found only a few tens of kilometers away. 

Boronia series Valvatae was redefined and revised in 1999 (Duretto 1999) and since then 
two additional species have been described, B. beeronensis Duretto (Duretto 2003) and 
B. hapalophylla here. In Boronia section Valvatae the series is notable for its size (24 
species, of c. 65 in the section, and c. 150 in the genus), the poor support of the internal 
structure within the series, and the associated lack of a formal internal classification. 
Boronia beeronensis was easily classified into one of the informal species-groups but 
offered little additional information regarding the classification of the series. Boronia 
hapalophylla, on the other hand, is not easy to classify in the series and if anything 
offers poorer elucidation of relationships. Like B. beeronensis though, it is a large 
flowered species restricted to a small, though hardly isolated, area of south-eastern 
Australia highlighting again that much needed basic field survey work and research 
are still required to accurately document Australia's biodiversity. 

Keys 

Previously published keys for Boronia section Valvatae (Duretto 1999) and for Boronia 
in New South Wales (Weston & Duretto 2002) can be amended to accommodate 
B. hapalophylla by inserting the following. 

For Duretto (1999, p. 12): 

Note: additions have already been made to this area of the key by Duretto (2003). 

60. Leaf with glandular punctate margin; sepals narrowly ovate-deltate, at least twice as long as 
wide; rays of stellate hairs usually dull and flexuous. 17. B. repanda 

60. Leaf with smooth margin; sepals ovate-deltate, less than twice as long as wide; rays of stellate 
hairs shiny and usually more or less straight 

61A. Adaxial surface of leaves with a sparse to dense indumentum 

61AA. Sepals acute, 2.5-3 mm long; petals 4-7(-10 with fruit) mm long (western 
slopes of NSW) . 38. B. glabra 

61AA. Sepals acuminate, 5-10 mm long; petals (6—)8—10(—15 with fruit) mm long (NE 
NSW). B. hapalophylla 

61A. Adaxial surface of leaves glabrous or glabrescent 

61. Leaves usually glabrescent, slightly discolourous; fruit hirsute (inland Qld, western 
slopes of NSW) . 38. B. glabra 

61. Leaves strongly discolourous, adaxial surface of leaves glabrous and shiny, abaxial 
surface with a dense, stellate indumentum; fruits glabrous or densely hirsute. 
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For Duretto (1999, p. 13): 

70. Adaxial surface of petals with a sparse to moderately dense indumentum of simple hairs 

73. Adaxial surface of leaves glabrous or with few hairs along midrib; petals 5.5-7(-8.5 with 

fruit) mm long; leaf base strongly attenuate (Hinchinbrook Is. of N Qld) . 

..... 39. B. jensziae 

73. Adaxial surface of leaves with a sparse to dense stellate indumentum; petals 
(4-)6-12(-15 with fruit) mm long; leaf base strongly attenuate or obtuse (central Qld, 
NSW, Vic.) 

73A. Sepals acuminate, 5-10 mm long, 3-4.5(-7 with fruit) mm wide; leaf base strongly 

attenuate (north coast of NSW) . B. hapalophylla 

73A. Sepals acute, sometimes acuminate, 2-4.5 mm long, 1.5-2.5(-3.5 with fruit) mm 
wide; leaf base usually obtuse (central Qld, NSW, Vic.) 

74. Leaf-lamina elliptic, plane or margin slightly recurved (becoming revolute on 
drying); peduncle less than 2 mm long; anthopodium 1-5 mm long; petals 5-7 
mm long (central inland Qld) . 32. B. odorata 

74. Leaf-lamina narrowly elliptic to elliptic, plane or margin recurved to revolute; 
peduncle (l-)2-10 mm long; anthopodium 7-11 mm long; petals (5-)8.5-12 mm 
long (central coastal ?Qld, NSW, Vic.) . 21. B. ledifolia 

For Weston and Duretto (2002, p. 266; GROUP 1): 

1* All leaves simple or 1-foliolate 

11A Sepals broadly ovate-deltate, acuminate, 5-10 mm long, 3-7 mm wide; upper surface 
of leaves with a sparse to dense indumentum of large stellate hairs . 

. B. hapalophylla 

11 A* Sepals ovate-deltate or narrowly deltate, acute, 2-5 mm long, 1-3 mm wide; upper 
surface of leaves glabrous, glabrescent or with a sparse indumentum, or rarely with a 
dense indumentum of minute stellate hairs 

11 Leaves sessile. 
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Multivariate analysis of morphological variation 
in Eucalyptus series Psathyroxyla Blakely 
(Myrtaceae): taxonomic implications 


B.E. Pfeil and M.J. Henwood 


Abstract 

B.E. Pfeil 1 and M.J. Henwood (John Ray Herbarium, School of Biological Sciences, Heydon-Laurence 
Building (A08), The University of Sydney, NSW 2006, Australia; Present Address: Department of Plant 
Biology, 228 Plant Science Bid., Cornell University, Ithaca NY 14853, U.S.A.) 2004. Multivariate analysis 
of morphological variation in Eucalyptus series Psathyroxyla Blakely (Myrtaceae): taxonomic 
implications.TUopea 10(3): 711-724. Characters used in recent treatments to separate members of 
Eucalyptus series Psathyroxyla Blakely (scribbly gums) show a considerable degree of overlap. 
Multivariate analyses of 79 individuals were used to examine morphological variation in up to 35 
characters, in order to resolve this problem. These analyses revealed the presence of three taxa, not 
five as previously described. Furthermore, two of these taxa show significant morphological 
overlap which is best explained by introgression. Problems regarding the type specimens are 
discussed. Eucalyptus haemastoma Smith, E. racemosa Cav. ssp. racemosa and E. racemosa subsp. rossii 
(R.T. Baker & H.G. Smith) B.E.Pfeil & Henwood comb, et stat. nov. are recognised here. 


Introduction 

Four species of Eucalyptus were recognised by Blakely (Blakely 1934) as constituting 
the series Psathyroxyla. The series became commonly known as the scribbly gums, on 
account of the characteristic insect 'scribbles' that cover their otherwise smooth bark. 
Apart from the markings on the bark, the scribbly gums are further distinguished by 
their raised fruit disc, mostly hemispherical fruit, and their small seed (Ladiges et al. 
1992). Despite Chippendale's (1988) more inclusive definition of the series, Ladiges 
et al. (1992) confirmed that the scribbly gums constituted a monophyletic group. The 
most recent flora treatment of the group (Hill, 1991) recognises five species: Eucalyptus 
haemastoma Smith, E. racemosa Cav., E. rossii R.T. Baker & H.G. Smith, E. sclerophylla 
(Blakely) L.A.S.Johnson & Blaxell, and E. signata F. Muell. 

Scribbly gums are trees or mallees restricted to woodlands on the coast of southern 
Queensland (south from Fraser Island) and New South Wales (north from Jervis Bay), 
and the tablelands and south-western slopes of N.S.W. (Figs 1 and 2). The western 
geographic limit of the scribbly gums is near Wagga Wagga on the N.S.W. south¬ 
western slopes (Fig. 2). Whilst the group is geographically relatively widespread, 
species are locally frequent but patchy in their distribution. They are usually confined 
to infertile, sandy or stony soils on ridge tops or rises with rare occurrences on sandy 
and sometimes swampy flats in coastal N.S.W. (Hill 1991). 

The most recent taxonomic treatments of the scribbly gums are those by Hill (1991) 
and by Bean (Bean 1997). Hill (1991) recognised five species, the diagnostic characters 
of which overlap, e.g. fruit length and width, and adult leaf width. In Hill's key, leaf 
glossiness, fruit width and the location of populations are used to separate the species. 
Bean (1997), however, found that leaf glossiness can vary within a population, and is 
thus not diagnostic. The overlap of many morphological characters has meant that the 
geographic location of an individual is the primary method of positive identification. 
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Bean (1997) included E. signata and E. sclerophylla within the circumscription of 
E. racemosa, but did not provide a formal analysis of character variation for this action. 
He stated that "there appear to be no significant differences between the entities 
£. racemosa, E. sclerophylla and £. signata" (Bean 1997, p.133). 

As with many species complexes, one must always be aware of the possibility that 
phenotypic plasticity might be masking otherwise diagnostic characters in at least 
some individuals of some taxa. Testing tire extent of phenotypic plasticity in adults by 
way of traditional common garden experiments is particularly problematic in 
relatively long-lived taxa like the scribbly gums. However, the use of seedlings can 
provide an environmentally independent set of characters by which to assess the 
taxonomic limits of species under consideration (Wiltshire et al. 1992). The character 
differences (or similarities) which may be present should, therefore, be due more to 
underlying genetic differences than to phenotypic plasticity. A preliminary assessment 
of scribbly gum seedling characters has indicated that a range of morphological 
variation exists within the group (Brooker & Kleinig 1990; Chippendale 1988; Hill 1991). 

The current study aims to provide an empirical analysis of the character variation 
encountered in the scribbly gums, with the aim of assessing the taxonomic distinctness 
of any entities present. Multivariate analysis of morphological (and thereby 
phenotypic) variation is a suitable method to accomplish this aim. 


Methods 

Sampling 

Twenty-five populations were sampled, covering the geographic range of the species 
(Fig. 1, Table 1). Over half of the populations (14 of 25) were drawn from the central 
coast and central tablelands, as these regions are where scribbly gums species with the 
most narrow circumscriptions (Hill, 1991) have the greatest overlap in their 
distributions. An ambiguous population from the Bruxner highway in the northern 
tablelands was also targeted, as individuals from this area have been alternatively 
assigned to E. signata and £. rossii, the only suspected area of overlap between those 
species. Other populations were spread over the range of scribbly gum species to 
maximise capture of the variation among populations over a wide geographic range, 
although the furthest extremes of the distribution were not sampled due to practical 
limitations. 

Five individuals were sampled from each apparently monomorphic population, with 
the exception of two populations where only single individuals (represented by 
herbarium specimens with viable seed) were available. Populations with a range of 
morphotypes (e.g. those potentially containing two or more species) were sampled 
more intensively in order to capture the range of observable morphological variation 
(up to ten individuals). Generally, one branch, consisting of numerous branchlets, was 
sampled for each individual. From each branch, numerous fully expanded leaves and 
a range of available reproductive material were collected and dried. Seed was 
subsequently removed from the fruit and stored at room temperature in paper bags. 
A total of 130 individuals were sampled in this way. 
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Table 1: Population localities. 


Population Name 

Region 

Latitude S 

Deg Min 

Longitude E 
Deg Min 

Bungendore Turnoff 

ST 

35 

10 

149 

17 

Marulan 

ST 

34 

44 

149 

51 

Tallong 

ST 

34 

43 

150 

03 

Jerrabomberra Hill 

ST 

35 

22 

149 

12 

Black Mountain (ACT) 

ST 

35 

16 

149 

06 

Penrose 

CT 

34 

40 

150 

15 

Sutton Forest 

CT 

34 

28 

150 

19 

Mudgee* 

CT 

32 

26 

149 

50 

Running Stream 

CT 

33 

04 

149 

56 

Bruxner H'way 

NT 

28 

56 

152 

13 

Nowra Air Base 

SC 

34 

57 

150 

31 

North Nowra 

CC 

34 

51 

150 

34 

Wilton 

CC 

34 

17 

150 

43 

Mount White 

CC 

33 

27 

151 

12 

Somersby 

CC 

33 

21 

151 

18 

Bucketty 

CC 

33 

09 

151 

12 

Mandalong 

CC 

33 

07 

151 

28 

Nord's Wharf 

CC 

33 

08 

151 

36 

Munmorah SRA 

CC 

33 

11 

151 

35 

Charmhaven 

CC 

33 

14 

151 

29 

Hornsby Heights 

CC 

33 

31 

151 

07 

Nabiac 

NC 

32 

07 

152 

25 

Copperabung Ck 

NC 

31 

13 

152 

49 

Red Rock 

NC 

29 

59 

153 

13 

Queensland* 

- 

26 

24 

153 

06 


* Populations represented by a single herbarium sheet. 

Character selection 

A data set comprising 18 adult leaf, bud, fruit and seed characters was generated 
(Table 2). Data included characters used traditionally in the identification of these 
species (eg. fruit width) as well as additional characters such as bud dimensions. The 
appropriate sample size for fruit characters was determined by plotting the variances 
of these measurements against sample size for each of five individuals. Variance 
estimates become more accurate as sample size increases, although the rate of 
accuracy-gain is reduced simultaneously. The estimate of the variance of all the 
individuals was found to peak at a sample size of about 50 fruit. A sample size of 30 
fruit per individual was considered to be a reasonable combination of morphological 
variation captured for time expended. 
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Six fully expanded leaves, each subtending a floral bud, were selected to represent the 
foliar characters for each individual. Leaves at the apex of a growing shoot were not 
used. Five unopened buds on an umbellaster with at least one open flower (to 
minimise ontogenetic variation) were chosen for hand-sectioning. 

Twenty seeds from each individual were sorted from the chaff and sown into five 
replicate pots each containing four, equally spaced seeds. Pots were randomly 
arranged within a single glasshouse. A variation of Hoagland's Solution (after Mowatt 
1981) was used to fertilise the seedlings. Four to five seedlings per individual were 
subsequently chosen at random, and these were used to derive a total of 17 seedling 
characters for each individual (Table 3). Pots were randomised once a month, and each 
pot was rotated by 90° at this time. 



Fig. 1. Distribution of scribbly gums sensu Hill (1991). Left: Eucalyptus rossii (•), £. racemosa (A). 
Centre: E. sclerophylla (•), E. signata (a). Right: E. haemastoma (•). Inset: sites sampled in this study 
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Table 2. Adult characters. 



Character name 

Abbreviation 

Sample size 

Leaf characters 



Petiole Length 

(LPE) 

6 

Leaf Length 

(LLN) 

6 

Maximum Width 

(LMW) 

6 

Length to Width Ratio 

(LLW) 

6 

Fruit Characters 



Maximum Width 

(FMW) 

30 

Width of Disc 

(FDW) 

30 

Fruit Length 

(FLE) 

30 

Degree of Disc Emergence 

(FDE) 

30 

Shape of Base 

(FSB) 

30 

Length to Width Ratio 

(FLW) 

30 

Fruit Width to Disc Width Ratio 

(FWD) 

30 

Seed Characters 



Seed Colour 

(SCO) 

1* 

Chaff Colour 

(SCC) 

1* 

Bud Characters 



Ovary Chamber Height 

(BOC) 

5 

Floral Chamber Height 

(BFH) 

5 

Floral Chamber Width 

(BFW) 

5 

Style Length 

(BSL) 

5 

BSL/BFH 

(BSF) 

5 

* seed and chaff were pooled for each individual. 



Data analysis 

There is wide agreement that multi-dimensional scaling (MDS), and, in particular, the 
non-metric form (N-MDS), is recommended above Principle Component Analysis 
(PCA) for taxonomic studies (Crisp 1991; Faith et al. 1987; Pimentel 1981). In contrast 
with PCA, N-MDS assumes a much less restrictive model of relationships between an 
association measure and the ordination space (Coxon 1982; Austin 1985). 

The program PATN (Belbin 1991) was used for all analyses. In the case of MDS, PATN 
uses a semi-strong monotonic transformation (a type of N-MDS), with the option of 
using a linear transformation (M-MDS) for smaller association matrix ranks (i.e. for 
smaller distances between individuals). This scaling - termed hybrid scaling - is most 
appropriate for ecological data. The hybrid nature of the scaling refers the linear 
relationship between values in an association matrix (based on robust association 
measures) and the distance between points in an ordination when distances are small. 
When distances become large, a monotonic relationship holds, over a number of 
different species response models (Faith et al. 1987). 
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Table 3: Seedling characters. 


Character name 

Abbreviation 

At 1st bud emergence 


Cotyledon Maximum Width 

(CMW) 

At 3rd bud emergence 


1 st Leaf Pair Maximum Width 

(1W3) 

1 st Leaf Pair Length 

(1L3) 

Length / Width Ratio of 1st Leaf Pair 

(1LW) 

2 nd Leaf Pair Maximum Width 

(2W3) 

Internode Trichome Type 

(TCI) 

2 nd Leaf Margin Trichome Type 

(T2M) 

1 st Leaf Primary Vein Trichome Type 

(TIP) 

At 6th bud 



Sample Size 

5 

4 

4 

4 

4 

4 

4 

4 


2 nd Leaf Pair Maximum Width 

(2W6) 

2 nd Leaf Pair Length 

(2L6) 

Length / Width Ratio of 2nd Leaf Pair 

(2LW) 

3rd Leaf Pair Maximum Width 

(3W6) 

3rd Leaf Pair Length 

(3L6) 

Length / Width Ratio of 3rd Leaf Pair 

(3LW) 

2nd Leaf Pair Margin Undulation 

(MU2) 

3rd Leaf Pair Margin Undulation 

(MU3) 

3rd Leaf Pair Base Contact 

(BC3) 


4 

4 

4 

4 

4 

4 

4 

4 

4 


No such models for taxonomic data have been assessed in this way (an exception 
being the limited study by Pimentel 1981). Therefore, for the current study it was 
decided to initially employ the least restrictive transformation available in PATN 
(semi-strong monotonic scaling) to transform the association matrix values into 
ordinations. 


Shepard plots (Shepard 1974) based on 2-dimensional N-MDS ordinations were 
examined for each of the analyses. The shape of these plots indicated that a linear 
relationship existed between the inter-item distances in the association matrix and the 
inter-item distances in the ordinations (n=3080, r=0.95, p<0.05). Therefore, M-MDS 
was used in all subsequent analyses. In all cases Gower's metric (Gower 1971) was 
used as the association metric. 

Three analyses were conducted. After removing individuals for which insufficient 
material was available to score characters (due to seedling mortality, insufficient fully 
expanded adult foliage, etc.), most populations were represented by three individuals, 
with the variable populations represented by up to ten individuals. The analyses, 
therefore, used a total of 79 individuals. 

Analysis 1: Combined adult and seedling characters 

Analysis 2: 17 seedling characters 

Analysis 3:18 adult characters 
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Results 


Analysis 1: All characters 

Figure 2 shows two distinct groups (group 1 and 2). Individuals from each population 
are contained entirely within either group 1 or group 2 and are connected by lines. 
Variation in group 1 can be summarised as fruit > 8 mm wide, whereas group 2 can be 
characterised as having fruit < 7 mm wide. The morphological distinctness of each 
group is paralleled by a congruent geographic distribution. Group 1 forms a 
geographically cohesive group, the four populations all being located on the central 
coast of NSW, between Botany Bay and Lake Macquarie. The populations of group 2 
span a broader geographic area than those of group 1. Group 2 ranges from the coast 
of southern Queensland to southern NSW, and from the coast to the western slopes in NSW. 

Populations with small fruit (group 2) form two sub-groups (groups 2a and 2b; Fig. 2). 
Sub-group membership is defined primarily by a combination of mean adult leaf 
width (sub-group 2a = 5-13 mm; sub-group 2b = 11.5-24 mm) and mean adult leaf 



Fig. 2. A 2-dimensional M-MDS ordination based on Analysis 1 (35 characters, 79 individuals). 
Stress = 0.17. Individuals from any one population are connected by lines. Groups of 
morphologically similar populations (overlapping in tire ordination) discussed in text are labelled. 
Individuals marked by open circles (O) come from two intermediate populations as discussed in 
text. Relative fruit size for large vs. small fruited groups is shown diagrammatically. 
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length (2a = 5-9.5 cm; 2b = 8-13.5 cm). These differences are diagrammatically represented 
on Fig. 3. Each sub-group, however, is linked by individuals from populations of 
mixed morphology. These 'linking' populations are also from geographically 
intermediate localities. The morphologically heterogeneous populations contain 
individuals that fall within either sub-group, as well as individuals that fall between 
the sub-groups. We were only able to locate two such populations in the field; one 
from near Bucketty (central coast, NSW) and the other from near Marulan (southern 
highlands, NSW). Individuals from these populations are shown by open circles (Fig. 2). 

Analysis 2: Seedling characters only 

Analysis of seedling data, revealed two non-overlapping groupings of morphological 
homogenous populations (Fig. 3). In contrast with the analysis of all characters (Fig. 2), 
the seedling data did not strongly separate individuals with large fruit (group 1 of 
Fig. 2, shown as stars in Fig. 3) from those with small fruit (group 2 of Fig. 2, other 
symbols in Fig. 3). Individuals from the morphologically heterogeneous populations 
cross the previously identified sub-group boundaries (shown as open circles. Fig. 3). 



Fig. 3. A 2-dimensional M-MDS ordination based on Analysis 2 (17 seedling characters, 
79 individuals). Stress = 0.15 Stars (★) = large-fruited (> 8 mm wide) individuals. Diamonds (♦), 
squares (■) and circles (•) = small-fruited ( < 7 mm wide) individuals. Relative adult leaf size for 
large vs. small leaved sub-groups (within the small-fruited group) is shown diagrammatically. 
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Analysis 3: Adult characters 

As with seedling data, the adult data (Fig. 4) mostly maintained the group 
membership observed in figure 2 (all characters). An exception to this pattern is that 
one individual from one population (Charmhaven), previously clustered within group 2, 
is now located amongst group 1 individuals (shown as a diamond in Fig. 4). This population 
is located in the same general area as group 1 populations (central coast, NSW). 


Discussion 

Our results reveal the presence of two distinct groups of scribbly gums, characterised 
by large and small fruit (group 1 and 2 respectively. Fig. 2). Furthermore, the group 
with small fruit is divisible into two sub-groups with small and large adult foliage 
(group 2a and 2b respectively. Fig. 2). 



Fig. 4. A 2-dimensional M-MDS ordination based on Analysis 3 (18 adult characters, 79 
individuals). Stress = 0.22 Stars (★) = large-fruited (> 8 mm wide) individuals. Diamonds (♦), 
squares (■) and circles (•) = small-fruited (< 7 mm wide) individuals. 
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The morphologically heterogeneous populations at geographically intermediate 
locations are particularly informative with respect to the relationships between the 
two sub-groups of group 2 (plants with small fruit). In adult, seedling and combined 
analyses, the presence of both intermediate individuals as well as individuals closely 
resembling 'core' members of both sub-groups strongly suggests that introgression is 
occurring at these sites. This pattern of variation is inconsistent with the presence of a 
dine, where all individuals would be expected to possess a morphology intermediate 
between both sub-groups. 

The population at Bucketty, the only population that unambiguously contains 
members of group 1 and group 2, shows clear separation between individuals of both 
groups in all analyses. No introgression or dine between groups 1 and 2 appears to be 
present at this site. 

One population (Charmhaven), however, occupies an ambiguous morphological 
position in relation to groups 1 and 2 (Fig. 2). This population is in the same region as 
all of group 1 (central coast, NSW). One individual from this population appears to 
have adult morphology of the large-fruited group, whereas its seedlings are more 
similar to those of the small-fruited group. It is possible that this population is mixed, 
with only a few group 1 individuals introgressing with a larger pool of group 2 
individuals. This would give an overall position that is intermediate between group 1 
and 2, but closer to group 2. It is also possible that the adult morphology is convergent 
due to the similar environment, whereas the seedling morphology more accurately 
reflects genetic affinities. Both processes may be operating together. Despite this single 
ambiguous population, there is no strong evidence that widespread introgression is 
occurring between individuals of group 1 and group 2. Furthermore, herbarium 
specimens and field observations indicated that populations within a morphological 
group, as determined in these analyses, do not flower synchronously. 

Thus, rather than the five species recognised by Hill, our analyses have indicated the 
presence of only three taxa. Whilst this broadly corresponds with Bean's treatment 
(1997), we consider that the entities revealed here are not of equivalent taxonomic rank 
to those of Bean. These differences in concept are the result of several factors. Firstly, 
the use of a larger number of characters to resolve taxa; secondly, the use of seedling 
characters grown under controlled conditions; and thirdly, the use of multivariate 
statistics to summarise character information. 

Prior treatments have relied upon an intuitive interpretation of a limited number of 
adult morphological characters. However, the overlap of many 'diagnostic' characters 
which led to the use of geographic location of an individual to make identifications is 
a clear sign that the complex variation in this group was not adequately dealt with by 
intuitive taxonomic methods. The power of multivariate analyses to accurately 
summarise morphological information from a large number of characters is 
particularly useful as an aid to taxonomic decision-making in such situations. 

Furthermore, whilst neither adult nor seedling data sets alone provided resolution of 
component taxa with any certainty, the combination of these data led to the clear 
resolution of three taxa in this group. Our conclusions are strengthened by the fact that 
our data set contains information from two independent sources, of which the 
seedling information should be significantly less susceptible to phenotypic plasticity. 
Seedling data can only be expected to have these properties when derived from an 
appropriate sampling strategy coupled with germination and growth under 
controlled environmental conditions. Only then can environmentally induced effects 
be teased from genotypic variation. 

Scribbly gums with large fruit (group 1) are here assigned the rank of species, as is the 
group with small fruit (group 2, Fig. 2). The two sub-groups of group 2 are assigned 
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sub-specific rank. Tire types of all species of series Psathyroxyla were examined, with 
the exception of that of E. rossii which could not be located at NSW where it is believed 
to be held (Chippendale 1988). 

The isotype of Eucalyptus haemastoma has smaller fruit than that of members of the 
large-fruited species (to which the name has been thus far applied). Examination of 
additional specimens from the northern suburbs of Sydney revealed a number of 
plants with morphology intermediate between the large- and small-fruited species of 
scribbly gum. The fruit of the £. haemastoma isotype fell within this intermediate set of 
specimens. The large number of intermediate collections found suggests that our 
sampling regime may have missed a critical zone of genetic exchange between the 
large- and small-fruited species. As such, we are reluctant to suggest any alteration to 
the name of the large-fruited group, despite the type not being entirely consistent with 
this group. 

The small-fruited species currently has the names E. racemosa and E. rossii applied to 
it. Eucalyptus racemosa has priority at the rank of species as it was published in 1797. 
As the type of Eucalyptus rossii is currently missing, a specimen from Bungendore in 
N.S.W. discussed by the authors (Baker & Smith 1920) as being chemically and 
morphologically similar to the holotype is here chosen as the lectotype. This specimen 
is a very close match for our subspecies and for £. rossii as described by Baker and 
Smith (1920). 


Descriptions of taxa 

The taxa found here are accommodated by Bean's (1997) circumscriptions, although 
the exact limits of E. haemastoma are uncertain (as discussed above). Our sampling 
found a more narrowly definable core group of individuals (centred around Lake 
Macquarie), but the uncertainties in being able to assign specimens from northern 
Sydney reliably to either species makes this narrow concept difficult to justify. The 
uncertainties revealed here must await resolution after further study. 

Taxonomy 

E. haemastoma Smith, Trans. Linn. Soc. London 3: 286 (1797). Type: J. White s.n.; holo: 
LINN, iso: G!. 

Eucalyptus racemosa Cav., leones 4: 24 (1797). 

Type: L. Nee s.n.; holo: MA; iso: MEL (photo BR1!). 

E. haemastoma var. capitata Maiden, Crit. Revis. Eucalyptus 1: pp.319 (1909). Type: J.H. 
Maiden s.n.; holo: NSW!; iso: FRI. 

E. haemastoma var. sclerophylla Blakely, Key Eucalypts pp. 218 (1934). Type: J.H. Maiden 
s.n.; holo: NSW!; iso: FRI. 

E. micrantha DC., Prodr. 3: pp. 217 (1828). Type: F.W. Sieber 497; holo: G; iso: G, W. 

E. signata F. Muell., /. Proc. Linn. Soc., Bot. 3: pp. 85 (1859). Type: F. Mueller s.n.; holo: 
MEL!; iso: K. 

Eucalyptus racemosa ssp. rossii (R.T. Baker & H.G. Smith) B.E.Pfeil & Henwood comb, 
et stat. nov. 

E. rossii R.T. Baker & H.G. Smith, Res. Eucalyptus 70 (1902). Type: R.T. Baker s.n., March 
1901, Cow Flat, Bathurst; holo: NSW (missing); lectotype here chosen: Baker and Smith 
s.n., Bungendore, N.S.W., March 1899; NSW!. 
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Distribution of taxa 

Maps of the distributions of these taxa based on CANB and NSW collections, and the 
collections made during this study, are presented in Figure 5. 



Fig. 5. Distribution of scribbly gums s etisu Pfeil and Henwood. Left: Eucalyptus racemosa subsp. rossii 
(•), E. racemosa subsp. racemosa (A). Right: E. haemastoma (•). 
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Key to species of Eucalyptus series Psathyroxyla 

1 Fruit > 8 mm wide, pyriform (occasionally almost hemispherical), discs > 1.6 mm wide. Raised 

oil glands of seedling internodes (at 2nd leaf pair stage) usually adorned with small stellate 
hairs, raised oil glands of the 2nd leaf pair margin prominent and those nearest tire petiole 
often adorned with small stellate hairs . Eucalyptus haemastoma 

1* Fruit < 7 mm wide, hemispherical (rarely almost pyriform), discs < 1.6 mm wide. Raised oil 
glands on seedling internodes (of the 2nd leaf pair stage) usually unadorned or rarely 
adorned with small stellate hairs; raised oil glands on 2nd leaf absent or present 
. E. racemosa ... 2 

2 Leaves subtending buds 5-13 mm wide x 50 mm-95 mm long; usually more than 7 times as 

long as wide; raised oil glands on 2nd leaf margin usually absent, if present then unadorned 
... E. racemosa subsp. rossii 

2* Leaves subtending buds 11.5-24 mm wide x 80 -135 mm long; usually less than 7.5 times as 
long as wide; raised oil glands on the 2nd leaf margin usually present and occasionally 

adorned with small stellate hairs near the petiole... 

. E. racemosa subsp. racemosa 
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A key to Dysoxylum (Meliaceae) in Australia, 
with a description of a new species from Far 
North Queensland 

D.J. Mabberley 


Abstract 

Mabberley, D.J. (Nationaal Herbarium Nederland, University of Leiden, The Netherlands, and National 
Herbarium of New South Wales, Royal Botanic Cardens Sydney, Mrs Macquaries Road, Sydney 2000, 
Australia) 2004. A key to Dysoxylum (Meliaceae) in Australia, with a description of a new species from 
Far North Queensland. Telopea 10(3): 725-729. A key to the known 15 species of Dysoxylum in 
mainland Australia is presented. Dysoxylum pumilum from Far North Queensland is illustrated 
and described as new. 


Introduction 

The continuing delay in publishing my submitted account of Meliaceae for Flora of 
Australia (see Mabberley 1998) has given the opportunity to revise the account of the 
family in the light of new discoveries. One of these is a new species of Dysoxylum 
Blume from Far North Queensland, here described. Publication of this has been 
prompted by the imminent appearance of a new edition of William and Wendy 
Cooper's Fruits of the Rain Forest (Cooper & Cooper 1994) in which the species will be 
figured. 

With 15 indigenous species, the genus Dysoxylum is the biggest in the family in 
Australia and, as no modern account of it is accessible, the opportunity is taken to 
provide a key to the identification of its species here. Descriptions of the 12 species not 
restricted to Australia were published by the author in Mabberley et al. (1995: 61-133). 
Descriptions of the remaining two species in mainland Australia, D. fraserianum and 
D. rufum, are to be found, in Stanley and Ross (1983: 481) and Taylor and Harden 
(2002). The indigenous species of Lord Howe Is. (D. pachyphylluni Hemsl., endemic) 
and Norfolk Is. (D. bijugum (Lab.) Seem.), not considered here, are described in Green 
(1994). 


Key to the species 

Note: The fruits are often characteristic but are rarely well represented in herbaria. 
Illustrations of most are provided by Cooper and Cooper (1994: tt. 192-203) and are 
indicated in the key below. 

1 Leaves decussate 

2 Leaflets with scarcely discernible lateral veins; capsule 5-8 cm diam., glabrous. 

. Dysoxylum acutangulum Miq. subsp. foveolatum (Radik.) Mabb. 

northern Australia, Solomon is. to Sumatra 

2* Leaflets with conspicuous lateral veins; capsule c. 2 cm diam., finely hairy. 

. Dysoxylum oppositifolium F. Muell. 

north-east Queensland, New Guinea to Philippines 
Cooper and Cooper [1994:1.198] 


1* Leaves in spirals 
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3 Leaves in bud stiletto-like 

4 Leaves 3- or 4-jugate; capsule c. 5 cm long, pyriform, usually strongly veined in sicco, 

lacking rostrum . Dysoxylum latifolium Benth. 

northern Australia, Solomon Is., New Guinea [and Ternate?] 
Cooper and Cooper [1994:1.196] 


4* Leaves usually 2-jugate; capsule c. 3.5-4 cm long, subspherical, ± veined in sicco, 

distinctly rostrate . Dysoxylum pumilum Mabb. 

north-east Queensland 


3* Leaves in bud fist-shaped 

5 Leaves paripinnate, sometimes with a terminal spike 


6 Domatia present 
6* Domatia absent 


Dysoxylum fraserianum (A. Juss.) Benth. 

Queensland, New South Wales 


7 Petals less than 2 mm long . 

. Dysoxylum papuanum (Merr. & L.M. Perry) Mabb. 

north Queensland, New Guinea, Solomon Is. 

Cooper and Cooper [1994: t. 199] 

7* Petals more than 5 mm long 


8 Bracts and bracteoles 1-1.5 mm long; petals 6-15 mm long; capsule to 2.5 

cm diam., foliage not garlic- scented . Dysoxylum klanderi F. Muell. 

north-east Queensland 
Cooper and Cooper [1994: t. 195] 


8* Bracts and bracteoles minute; petals 5-8 mm long; capsule to 7.7 cm diam., 

foliage garlic-scented. Dysoxylum alliaceum (Blume) Blume 

Queensland, Solomon Is. through Malesia 
to peninsular Thailand and Andaman Is. 
Cooper and Cooper [1994: t. 192] 

5* Leaves imparipinnate 
9 Calyx of free sepals 

10 Calyx glabrous or subglabrous . 

. Dysoxylum gaudichaudianum (A. Juss.) Miq. 

Queensland to Java, Christmas Is. and Samoa 
Cooper and Cooper [1994: 1.194] 

10* Calyx densely hairy . Dysoxylum rufum (A. Rich.) Benth. 

Queensland, New South Wales 
Cooper and Cooper [1994: t. 202] 

9* Calyx a tube 

11 Fruit densely hairy . Dysoxylum setosum (Span.) Miq. 

north Queensland, New Guinea, Timor 
Cooper and Cooper [1994: t. 203] 

11* Fruit glabrous 

12 Flowers on bole and branches, rarely in axils too 

13 Petals 15-20 mm long . Dysoxylum parasiticum (Osb.) Kosterm. 

Queensland, Solomon Is. through Malesia to Taiwan 
Cooper and Cooper [1994: t. 200] 

13* Petals 8-9 mm long. Dysoxylum pettigrewianum F.M. Bailey 

Queensland, Solomon Is. to Moluccas 
Cooper and Cooper [1994: t. 201] 

12* Flowers in axils 
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14 Flowers 4-merous. 

. Dysoxylum mollissimum Blume subsp. molle (Miq.) Mabb. 

Queensland, New South Wales, New Guinea west to Celebes, 
north to Carolines and east to Niue 
Cooper and Cooper [1994: t. 197, as D. muelleri ] 

14* Flowers 5-merous . Dysoxylum nrborescens (Blume) Miq. 

Queensland, Vanuatu and Malesia north to Taiwan 
Cooper and Cooper [1994:1.193] 


Dysoxylum pumilum, a new species from Far North Queensland 
Dysoxylum pumilum Mabb., species nova 

Arbor pumila, gracilis, foliis saepissime bijugatis; Dysoxylum, D. latifolium Benth. 
affine, foliolis majoribus forte acuminatis, inflorescentiis longioribus, fructibus 
subsphericis, rostratis, seminibus majoribus, distincta est. 

Typus: Australia, Queensland, Cook, SFR 755, Gosschalk L.A., 17°25'S, 145°47' E, 
360 m, B. Hyland 8792 ,18 May 1976, fls (holo QRS; iso NSW). 

Small understorey tree to 8 m; bole to 8 cm diam. Bark smooth; inner bark white to 
yellow or brown with no latex. Leafy twigs 3 mm diam., glabrous; apical buds stiletto¬ 
like. Leaves 14-25 cm long, 2 (3)- jugate, with terminal spike or its scar, dark glossy 
green adaxially, alternate (or subopposite); petiole 7.5-10 cm, ± angled, subglabrous, 
drying blackish; leaflets 12-34 x 5-12 cm, ovate to oblong, chartaceous, glabrous, 
opposite to alternate, bases weakly asymmetric, acute to obtuse, apices acute to 
acuminate, the acumen to 8 mm long, costae 8-14 on each side, pale and prominent 
abaxially in sicco, arcuate, obscure near margin, intercostals subprominent; petiolules 
5-8 mm, weakly swollen. Thyrses axillary, sometimes in axils of undeveloped leaves, 
8-35 cm long, subspiciform; axis subglabrous to finely sericeous, bearing cymules of 
1-3 flowers, rectangular in bud; bracts c. 0.5 mm, triangular, pubescent, caducous; 
pedicels 3-4 mm long, pubescent, articulated with short pseudopedicels. Calyx c. 2 mm 
long, 3-4 mm diam., shallowly cupular, margin weakly 4-toothed. Petals 4, 5-6 mm x 
c. 2.5-3 mm, oblong, cream. Staminal tube narrowed towards apex, subglabrous, 
cream, margin very shallowly crcnulate to ± dentate; anthers 8, c. 1mm long, included. 
Disk c. 1 mm tall, glabrous, margin undulate. Ovary finely pubescent, 4-locular; style 
pubescent in proximal 2/3; stylehead subcapitate. Capsule c. 3.5-4 cm long, 3.5-4 cm 
diam., subspherical, abruptly rostrate, ± veined in sicco, yellow-green, orange-yellow 
within. Seeds 2 or 3, c. 2.5-3 cm long, 2-2.5 cm wide, 1-1.5 cm thick, flattened ellipsoid 
to hemispherical; sarcotesta glossy, orange-brown; cotyledons collateral, dark green. 

Other material examined: Queensland, Cook: SFR 755, Gosschalk L.A., EP/34,17°26'S, 145°46'E, 
380 m, D. Fitzsimon 222 ,30 Nov 1976 (QRS), sterile, and D. Fitzsimon 2757, Dec 1976, (QRS), fr.; SFR 
755, Gosschalk L.A., 17°24'S, 145°46'E, 380 m, B. Gray 786, 9 Nov 1977 (NSW, QRS), fr.; Chuklunga 
[Chuck Lunga] Creek, 17°25'S, 145°46'E, 360 m, A.K. Irvine 1939 ,11 July 1979 (QRS), fr.; SFR 755, 
Bartle Frere, Russell River, 17°23'S, 145°47’E, 380 m, B. Gray (Hyland no. 25903RFK), 7 Dec 1995 
(QRS), buds; idem, B. Gray (Hyland no. 25904RFK) (QRS), sterile; idem, B. Gray 6468 (QRS), fr., 
seedlings; SFR 755, Bartle Frere, Gosschalk L.A., 17°24'S, 145°46' E, 400 m B. Gray 6765 ,30 May 1996 
(QRS), fls; ibid, B. Gray 6808 .21 June 1996 (NSW-spirit only, QRS), fls, and 6809 (QRS), fr.; Russell 
River at junction with Chuck Lunga Creek, 17°26'S, 145°46'E, 160 m, W. Cooper 1624, 4 Dec 2001 
(QRS), sterile. 

Distribution and ecology: an understorey tree known only from the above collections 
from the Bartle Frere area of north-east Queensland. By comparison, the very closely 
allied D. latifolium is a widespread tree of rain forest and semi-deciduous thicket (Port 
Moresby region of Papua New Guinea) to 1200 m. It is frequently reported as a 
common canopy tree in New Guinea and the Solomon Is. 
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Fig. 1. Dysoxylutn pumilutn. a, habit; b, apical bud; c, flower (dissected); d, flower; e, fruit: a, b, 
Hyland 8792; c, d. Gray 6808 (spirit material); e, Gray 786. Scale bar: a = 8.5 cm; b = 1.5 cm; c = 0.75 
cm; d = 1.2 cm; e = 4 cm. 
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Etymology: The specific epithet refers to the small size of the treelet. 
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Non-marine algae of Australia: 
6. Cladophoraceae (Chlorophyta) 


Stephen Skinner and Timothy J. Entwisle 


Abstract 


Skinner, S. and Entwisle, T.J. {Royal Botanic Gardens and Domain Trust, Mrs Macquaries Road, Sydney 
NSW 2000, Australia, email: tim.enhvisle@rbgsyd.nsw.gov.au) 2004. Non-marine algae of Australia: 6. 
Cladophoraceae (Chlorophyta). Telopea 10(3): 731-748. Five species of Cladoplwra and one each of 
Rhizoclonium, Pithophora and Wittrockiella are reported for freshwater habitats in Australia. 
Rhizoclonium riparium (= R. heiroglyphicum) is shown to be widespread in coastal and near coastal 
areas of eastern Australia, while tire range of Pithophora oedogonia is extended and a new variety, 
var. calcarata is described. Cladoplwra globulina and C. kosterae are reported for the first time from 
Australia, and the presence of C. glomerata, C. aegagropila and C. fracta is confirmed and their 
distribution extended. Wittrockiella salina var. kraftii is newly described from freshwater habitats 
on Lord Howe Island. 


Introduction 


Despite Martin Mobius' (1895) comment that Cladoplwra, common in European 
freshwater, was relatively rare in the samples sent to him from Australia, records 
suggest that taxa in the Cladophorales, particularly Cladoplwra species, are both 
widespread and common in freshwater habitats in all States and Territories. Members 
of the group tend to prefer mineral-rich waters with pH values greater than seven, but 
may also be found in neutral and slightly acid waters, especially where there are 
elevated levels of dissolved salts. It is likely that increased eutrophication of 
Australia's inland waterways over the last century has actually favoured the spread of 
this genus. 

The Cladophorales is one of the very few groups of macro-green algae that flourish in 
both marine and freshwater habitats, and its members have structural and 
phenological characteristics which suit both milieux. The cell walls are strongly 
reinforced; the cell structure is siphonous, each cell containing two to dozens or 
hundreds of nuclei and an open peripheral reticulum of chloroplasts associated with 
numerous pyrenoids. Individuals in general are perennial, their reproduction 
variously involving fragmentation of the thallus, the formation of thick-walled 
akinetes, or the release of sexual or asexual zoids. 

Many freshwater representatives of the order are considered nuisance algae or weeds. 
In garden or other artificial water features, Cladophora — and more rarely Rhizoclonium 


This research was funded through the NSW Biodiversity Strategy 




732 


Telopea 10 ( 3 ): 2004 


or Pithophora - may be the first macroscopic organism to thrive in pioneer conditions. 
Physical removal of plants that leads to a subsequent increase in vegetation 
complexity is the main element of human control that usually keeps such populations 
in check. Both Cladopliora and Pithophora can become weedy in irrigation channels, 
drains and flood mitigation schemes, as well as river systems where control measures 
may involve management of nutrient input from catchment groundwater. 


Methods 

Where specimens have been collected by the authors or have been sent by others in 
recent years to the Royal Botanic Gardens and Domain Trust for classification, spirit 
collections have first been fixed in 10% formalin and afterward preserved in 70% 
ethanol with 5% glycerol. Specimens have been mounted in 40% Karo after staining in 
aniline blue (0.5 g water soluble aniline blue in 100 ml distilled water and 5 ml cone, 
acetic acid) for general staining, Lugol's Iodine for chloroplasts and pyrenoids, or 
safranine for walls and mucilage. Specimens held at NSW have provided the main 
sources of distributional and biogeographical data, but some specimens from other 
collections in Australia have also been examined and cited. Where possible, we have 
compared our material with authenticated Exsiccatae. No attempt has been made to 
view type material, however, for, as was noted in Skinner & Entwisle (2001), types are 
either mostly lost, unobtainable, or in poor condition and are there instances where a 
type and/or a type locality may never have been designated. 

As authorities for identification of Australian species, the monographs or substantial 
genus revisions of Nienhuis (1975) have been followed for Rltizoclonium, van den Hoek 
(1963) for Cladopliora (both marine and freshwater species), and Pankow & Tauscher 
(1980) for Pithophora. 


Key to the genera in Cladophoraceae from non-marine habitats 

in Australia 


1. Filaments unbranched, or with rhizoidal branching only . 2 

1. Filaments variously branched. 3 


2. Cells less than 70 m diameter; marine or freshwater . 1. Rhizoclonium 

2. Cells greater than 70 pm diameter; marine only. Chaetomorpha* 

3. Branching opposite and often perpendicular to bearing axes, akinetes alternating with 

vegetative cells . 2. Pithophora 

3. Branching alternate or dichotomous at acute angles?, akinetes in segments of filaments or 

absent . 4 

4. Cells more-or-less uniform in diameter. 3. Cladopliora 

4. Cells variable in diameter . 4. Wittrockiella 


* no species described, see note under Rhizoclonium riparium, below. 


1. Rhizoclonium Ktitzing 

This is a genus of unbranched filamentous algae growing attached or floating in 
marine, estuarine and freshwater habitats. Unicellular or short multicellular rhizoids 
arise (often very infrequently) both from the base and in intercalary positions on or as 
extensions of conspicuously bent cells ('knees'). Cell diameter does not exceed 70 pm, 
and the number or nuclei per cell is usually <10, these being the characters which 
distinguish Rhizoclonium from the more usually marine genus Chaetomorpha, in which 
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rhizoids are absent, nuclei are usually many more than 10 per cell, and the only 
modified cell in the filament (in attached species) is the basal holdfast cell. 

One widespread species in Australia (see below). 

Rhizoclonium riparium (Roth) Harvey, Phycologia brittanica IV: PI. 138 (1846) emend 
Nienhuis, Biosys. Ecol. Rhizo. 63 (1975) 

Rhizoclonium hierogh/phicum (C. Ag.) Kiitz., Tab. pln/c. 206 (1845) 

Thallus a long unbranched filament, with or without a basal rhizoid and/or 
intercalary one- or two-celled rhizoids, the filaments becoming detached and either 
free-floating or entangled with age. Cells cylindrical L/D (0.75-)l-6(-10), 
(14-)20-32(-46) pm diam., nuclei two to four per cell, chloroplast a reticulum of 
interconnected strands, pyrenoids frequent, the cell wall lamellate and often 
moderately thick. Reproduction by fragmentation, akinetes (often occurring in short 
terminal or intercalary series), or by zoids discharged through pores at the upper ends 
of sporangia or gametangia of cells. Figs la-h. 

Distribution and habitat: cosmopolitan in fresh, brackish or marine habitats. 
Reported from all Australian states and territories. New South Wales records are 
predominantly coastal and frequently from sites in close proximity to salt water, as are 
those presented here for Victoria and South Australia. This is a similar to the pattern 
of distribution in the Netherlands as reported by Roster (1955) and Nienhuis (1975). 
Plants are usually encountered as green to yellowish-green rafts, often mixed with 
other filamentous algae (Zygnematales and Oedogoniales commonly) among aquatic 
vegetation or occurring as 'curls', thick mats in which the surface has an undulating 
form like wet curly hair, at the margins of shallow water bodies. Some collections 
showed concretions of lime. 

Notes: Entwisle & Nairn (1999) listed seven species of unbranched Cladophoraceae as 
occurring in Australia, although there were no records for New South Wales at that 
time. Rhizoclonium capillare Kiitz., R.fontanum Kiitz. and R. hookeri Kiitz. were names 
applied by Cribb (1965) or McLeod (1975) to material from Queensland localities, the 
vouchers for these records, held in BR1, not having been examined in the present 
study. Although not included by Roster (1955) in her revision of Dutch taxa, R. capillare 
and R. fontanum appear to be synonymous with R. riparium (sensu Nienhuis 1975), 
whereas R. hookeri may be conspecific with R. africanum Kiitz., which Kraft (2000) 
records from the mouth of Soldiers Creek on Lord Howe Island. 

Nienhuis (1975) redefined R. riparium to include all specimens from both estuarine and 
freshwater habitats with filaments 8-43 pm in diameter and L/D 1-11. Within it he 
included R. implexuni (Dillw.) Kiitz., which Koster (1955) had maintained for narrow 
(8-15 pm diameter) specimens* and R. hierogh/phicum, to which most freshwater 
collections have usually been referred. Kraft (2000) attributed a somewhat coarser 
(filaments 44-48 pm thick) but otherwise similar taxon from a euryhaline habitat on 
Lord Howe Island to R. africanum Kiitz., a species and range of filament diameters not 
otherwise recorded in Australia. The two recent collections from Lord Howe Island 
cited here have cells less than 44 pm diameter. Wide variation in diameter has been 
observed in collections listed below, and we prefer to follow Nienhuis (1975) in placing 
them all in R. riparium. 

Parodi & Caceres (1993) preferred to continue to employ the name R. hierogh/phicum 
for freshwater specimens from Argentina and, by implication, Europe, emphasising 
the number of nuclei at 2(-4) as a reliable character, claiming the taxon was clearly 
defined, without making a clear distinction between R. hieroglyphicum and R. riparium 
other than to separate them on habitat choice. The name R. hierogh/phicum is also 
retained in recent freshwater floral treatments (John et al. 2002, Wellr & Sheath 2003) 
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Fig. l. Rhizoclonium riparium a, b, basal and lateral rhizoids (Skinner 0348); c, mature cell, after 
staining, showing two nuclei and pyrenoids (Skinner 0452); d, rhizoidal branch (Conn 4360, & 
Brown); e, f, g, immature, ripe and discharging sporangia (premature germination among zooids 
late to leave sporangium in g) ( Hacking , sample C); h, akinetes (Skinner 0452, Arnold & Towler). 
(Scale = 20 pm) 





















































Skinner and Entwisle, Non-marine algae of Australia 6. Cladophoraceae 


735 


from the northern hemisphere. Rather than use three names, two freshwater 
(R. implexum and R. hieroglyphiciim) and one marine and estuarine (R. riparium), all 
morphically intergrading, it appears preferable to follow Nieuhuis (1975) and call all 
similar collections R. riparium. 

Selected specimens examined: New South Wales: North Coast: Deep Ck, Valla Beach, Hacking, 
sample C, - Jan 2001(NSW). Central Coast: Lotus pond. Royal Botanic Gardens, Sydney, Skinner 
0017, 26 Jun 2000 (NSW); quarry, Clovelly Bowling Club, Shark Point, Skinner 0062, & Entwisle, 
12 May 2000 (NSW); McKell Park, Darling Point, Skinner 0316, 18 Apr 2001 (NSW); Cadigal 
Reserve, Hawthorne Canal, Summer Hill, Skinner 0348, 12 Aug 2001 (NSW). Central Tablelands: 
road gutter, Bowral, Small s.n. Apr 2002 (NSW). South Coast: Congo Ck, K.L.Wilson 10030, 20 Dec 
2001 (NSW); culvert. Long Point St., Potato Point, Skinner 0494, 27 Dec 2001 (NSW); Dry R., 
Quaama, Skinner 0526, 2 Jan 2002 (NSW). Southern Tablelands: Queanbeyan R., Queanbeyan, 
Skinner 0510, 28 Dec 2001 (NSW). 

Lord Howe Island: NW of Kim's Lookout, Conn 4268, Brown, Downs, & Hutton, 9 Nov 2000 
(NSW); small freshwater creek. Boat Harbour, Conn 4360, & Brown; 16 Nov 2000 (NSW). Victoria: 
Barwon Valley Park, Belmont Common, Skinner 0012,1 Feb 1986 (NSW); Wagon Bay, Tower Hill, 
Skinner 0429, Arnold & Towler, 30 Sep 2001 (NSW); east main lake, Tower Hill, Skinner 0430, 
Arnold & Towler, 30 Sep 2001 (NSW). 

South Australia: 'Heatherdale', Sellicks Hill, Skinner 0557, & Thomas, 12 Nov 1976 (NSW); fly-ash 
lagoons, Port Augusta, Kokkim s.n., - Nov 1982 (NSW); Mrs Cuttings Lake, Allandale East, 
Skinner 0450, 0452, Arnold & Towler, 1 Oct 2001 (NSW). 

Chaetomorpha linum (O. Mull.) Kiitz. has been collected (and confirmed in this 
study) in coastal areas of western Victoria and adjacent South Australia (for example 
Thurgate 10), in what was reported as fresh water, but recent collections from the area 
(for example Skinner 0430, 0450, Arnold & Towler) have only revealed Rhizoclonium 
riparium. The Thurgate 10 specimen is indeed C. linum, but it may have been 
blown/washed into the ponds during very rough weather as the outlet is onto the 
beach through a low sandhill. 

Specimen examined: South Australia: Piccaninnie Ponds, Thurgate 10, Feb 1993 (MEL 2034318). 

2. Pithophora Wittrock 

A genus of vigorously growing, much branched, multinucleate multicellular filaments 
that favour still or slow-flowing waterbodies and are highly tolerant of eutrophication. 
A single cosmopolitan species has been reported previously for Australia (Entwisle & 
Naim 1999). 

Pithophora oedogonia (Montagne) Wittrock, Nova acta Regiae Soc. Sci. Upsal. 3: 55 
(1877) var. oedogonia 

Thallus a tangle of uniseriate branching filaments forming anchored by akinete wall 
and rhizoids or free-floating rafts of a few to 20 or more cm across, the mats yellow- to 
dark green in colour. Main filaments cylindrical (50-)60-100(-120) pm diameter, cells 
L/D > 20; chloroplast an open to compact peripheral reticulum with numerous 
pyrenoids; branching opposite or irregular, arising distally on and forming nearly 
right angles to their bearing cells; terminal cells of main and lateral axes tapering 
gradually to an obtuse point. Akinetes intercalary or terminal, when intercalary 
solitary, in pairs or threes, cylindrical, barrel-shaped or inflated on one side, 200-300 
pm long, 70-125 pm diam.; terminal akinetes solitary or, more rarely, in short series, 
hastate to piliate (with a short or long point), 125-300pm long, 55-80 pm diam. 
Rhizoids and haptera rare, basal; helicoid structures at branches not observed in 
Australian material. Figs - see Entwisle & Price (1993) Fig. la. 
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Distribution and habitat: This species has been reported from throughout the 
Australian continent (Entwisle & Naim 1999). Entwisle & Price (1993) particularly 
noted its high tolerance for warm, shallow, alkaline water that is rich in nitrogen and 
phosphorus at Queensland sites. The most recent collections also come from such 
habitats, one a transient stream in an urban area, others being shallow riverine lagoons 
within canefields. Western Australian and New South Wales collections are from 
artificial ponds or the streams feeding them that are similar to Queensland sites in 
physical and chemical characteristics. 

Notes: terminal akinetes in our collections are usually hastate and obtuse rather than 
pointed, whereas intercalary akinetes are usually solitary, never in groups of more 
than three. Our specimens thus conform well to both van den Hoek's (1959) and 
Pankow & Tauscher's (1980) circumscriptions of P. oedogonia. Pankow & Tauscher 
(1980) recognise two broadly defined taxa and have suggested synonymy or doubtful 
status for many if not most of the previously described fifteen species. They defined 
Pithophora roettleri (Roth) Wittr. as having rows of variously shaped intercalary 
akinetes (up to seven/row) and rounded terminal akinetes, whereas in their opinion 
P. oedogonia has one or two [3—7 in var polyspora (Rendle & West) Pankow & Tauscher] 
barrel-shaped to cylindrical intercalary akinetes and pointed terminal akinetes. Van 
den Hoek (1959) had earlier separated four Caribbean taxa on the basis of akinete 
shapes and main-filament diameters, but Pankow & Tauscher (1980) included all of 
van den Hoek's taxa in one or other of the two species that they recognised. 

Fresh specimens may have a distinct smell of cats' urine. 

Specimens examined: Queensland: Anderson Park, Townsville, Price s.n., 9 Aug 1990 (JCT), James 
Cook University Campus Ck, Townsville, Dell s.n., 11 Nov 2002 (NSW); Castanelli's Lagoon, near 
Burdekin R., Reid s.n., 14 Nov 2002 (NSW); Healeys lagoon system, off Woodstock Rd, Reid 
270103.10 ,27 Jan 2003 (NSW). 

New South Wales: Central Coast: Mullet Ck, North Narrabeen, Entiuisle 2920 (NSW); Fairlight, 
McCune s.n., 4 Apr 2003 (NSW). 

Western Australia: Berkerley R., Kenneally 11878, 13 Jun 2003 (NSW); Broome airport, Kenneally 
11900,11901, 21 Jun 2003 (NSW). 

Pithophora oedogonia var. calcarata Skinner and Entwisle var. nov. 

Akineta intercalaria terminaliaque frequenter calcari breviore vel extentiore extrudete 
a latere. 

Intercalary and terminal akinetes frequently with a short to extended spur projecting? 
from the side; otherwise morphology as for var. oedogonia. Fig. 2. 

Type: type locality: as turf in concrete drain, Pieter van Hasselt Park, Shalvey, 33°43 S; 
150°48'E, N.S.W. Coveny 18551 & Sherring, 24 April 2000 (NSW). 

Etymology: calcar (latin) is a spur, so calcaratus, a, urn meaning spurred. 

Distribution & habitat: coastal hinterland of New South Wales, in sluggish, often 
warm, shallow freshwater disturbed by storm-water or agricultural runoff.. 

Notes: there is much variation in the form of the akinetes, both intercalary and 
terminal, in Coveny 18550, including some with lateral spurs, but most intercalary 
akinetes fit the 'meist tonnenformig, selter zylindrisch bis subzylindrisch' 
specifications of P. oedogonia (Pankow & Tauscher 1980). As well, there are plenty of 
the short hastate terminal akinetes that are characteristic of that species. The spurs that 
confer the varietal name are pronounced and more uniform than the irregular lateral 
projections in O. aequalis Wittr. (as illustrated by van den Hoek 1959), which we 
consider synonymous with P, oedogonia. 
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Fig. 2. Pithophora ocdogonia var. calcarata : germinating akinete series, with intercalary and apical 
spurred akinetes in germling (Coveny 18551 & Sherring). (Scale = 100 pm) 
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Short series of akinetes, including the hastate terminal one, have been found in Coveny 
18551 showing production of both new axes and tendril-like haptera. It would appear 
that the empty akinete chambers, with their thick walls, act as an anchor for the new 
thallus. 

Specimens examined: New South Wales: North Coast: Nabiac, Skinner 0352, 28 Aug 2001 (NSW). 
Central Coast: Pieter van Hasselt Park, Shalvey, Coveny 18550,18551 & Sherring, 24 Apr 2000 (NSW); 
Bells Ck, Oakhurst, Coveny 18963 ,14 Oct 2001 (NSW). 

3. Cladophora Ktitzing 

A large genus of branching, filamentous algae, with multinucleate cells with reticulate 
parietal chloroplasts, numerous pyrenoids, and frequently thickened walls. Although 
most species-rich and morphologically diverse in marine habitats, at least nine 
members are credited by van den Hoek (1963) to euryhaline or freshwater habitats in 
Europe, of which three or four have been reported in Australian inland aquatic 
systems. There are nine names used in Entwisle & Nairn (1999), many are synonyms 
for the five species documented below', which probably represent the full range of 
morphological variation in Australia. 


Key to freshwater Cladophora in Australia 

1. Basal system prostrate and extensive; secondary laterals making acute angles (<45°) with main 
axes. 3a. C. kosterae 

1. Basal system, where present, rhizoidal; secondary (and higher order) laterals with wide (>45°) 

adaxiai angles. 

2. Lateral filaments laterally inserted subapically; rhizoids, if present, arising adventitiously; 

cells large, with thickened walls . 3b. C. aegagropila 

2. Lateral filaments inserted at apical ends of bearing cells; rhizoids confined to basal areas; cells 

sizes variable, with or without thickened walls . 3 

3. Thalli sparsely branched and finely constructed, with even gradations from main axes to 

higher orders of branching . 3c. C. globulina 

3. Thalli repeatedly branched and often coarse, with distinct size differences between diameters 

of main axes and ultimate branch orders . 4 

4. Thalli attached, or faculatively free-floating; apical cells 20-90 pm diam., main axes often 

more than 100 pm diam. 3d. C. glomerata 

4. Thalli usually free floating, apical cells 16-27 pm diam., main axes less than 85 pm diam. 

-. 3e. C. fracta 

3a. Cladophora kosterae van den Hoek, Revision of the European species of Cladophora: 
37 (1963) 

Erect axes arise from an extensive prostrate base and give rise to opposite or alternate 
laterally inserted secondary axes. Main axes are often very long, sometimes with pairs 
of parallel, tangentially inserted cells, often subtending branching, L/D 3-10, 47-72 
pm diam. Secondary branches inserted below end-walls at acute adaxiai angles, such 
that secondary branches often appear to lie parallel to main axis, at least for the first 
cell in a branch, 50-54 pm diam. Apical cells tapering, tip more-or-less blunt, 25-29 pm 
diam. Groups of intercalary or subterminal swollen sporangia 65-72 (-90) pm long, 
58-65 pm diam. opening by a supramedian lateral pore. Fig. 3 a-c. 

Distribution and habitat: van den Hoek (1963) reports this species from France and 
the Netherlands. In Australia it has only been collected in the South Creek catchment 
of the Cumberland Plain, west of Sydney, always from sluggish, weed-infested 
waterbodies in suburban developments. 
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Fig. 3. Cladophorn kosterae: a, primary filament with tangentially disposed cells (Coveny 18546), 
b, sporangia, the lower one with mature zooids ( Coveny 18550); c, filament with opposite and 
alternate laterals, showing narrow adaxial angle (Coveny 18550); C. aegagropilcr. d, growing tip with 
maturing laterals ( Skinner 0371); e, akinetes (Reid 270103.5). (Scale a,c-e = 20 pm at 250x;b = 20 pm 
at 400 x) 
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Notes: Although the extensive basal mat described by Hoek for C. kosterae has not been 
seen in Australian specimens, the reproductive structures fit its description well. The 
almost parallel secondary branches are distinctive, and the occasional oblique 
septation of cells, described by van den Hoek as being particularly numerous in parts 
of the prostrate system, are also present. 

Ducker (1958) described as Basicladia ramulosa Ducker populations from Victoria and 
Queensland that appear similar to C. kosterae, the plants growing obligately on the 
carapaces of the freshwater turtle Chelodina longicollis (Shaw). We do not have any 
specimens to hand of turtle carapaces with epizoic Cladophoraeae and thus cannot 
reassess the position of Ducker's taxon. Van den Hoek (1963) considered both the 
obligate epizoic taxa and the similar Clndophora kosterae and C. okamurai (Ueda) Hoek, 
to belong to section Basicladia of the genus Cladophora. 

Specimens examined: New South Wales: Central Coast: Bells Ck, Oakhurst, Coveny 18963 ,14 Oct 
2001 (NSW); Peter van Hasselt Pk, Shalvey, Coveny 18550; Emerton, Coveny 18546, 9 Apr 2000 
(NSW). 

3b. Cladophora aegagropila (L.) Rabenh, Flora enropaea algarum aquae dulcis et 
submarinae III 343-344. (1868) 

Conferva aegagropila Linnaeus, Sp. pi. II 1167-1168. (1753) 

Cladophora parvula Mobius, Abh. seneckenberg. naturf. Ges. 18: 328 (1895). 

Thallus attached or, commonly, free floating, yellowish to dark green. Apical cells L/D 
5-24, 30-70 pm diam.; ultimate branch cells L/D 3-15; 30-100 pm diam.; main axes 
L/D 1.5-15,125-200 pm diam.; wall 2.5-8 pm thick at tip, 20 pm in main axes. Lateral 
branches inserted laterally and a little below upper end-wall of axis cell, retaining this 
position with maturity. Rhizoids may sprout from most parts of thallus. Reproduction 
only by fragmentation or akinete formation. Akinetes in series, ovoid to elliptical, 
100-190 pm long, 70-80 pm diam. with strongly lamellate walls. Fig. 3 d,e, 4. a-c. 

Distribution and habitat: cosmopolitan. Collection localities in Australia are often 
alkaline streams with at least moderate flow rates, often in association with improved 
pasture. 

Notes: there are two distinct groups of specimens: those that conform to the 
'European' C. aegagropila, and those that have a similar branching pattern but 
narrower apical cells and generally less robust form throughout, thus fitting the 
description of Mobius (1895) for C. parvula. Cladophora parvula, from Warwick, 
Queensland, is described by Mobius (1895) as less than 8 mm long. Without culture 
and field work it would be decidedly premature to describe a variety or, alternatively, 
to ressurect the ill-defined epithet parvula, but it may be beneficial for future workers 
if the collections to hand are filed separately. 

Entwisle 1507 was previously reported (Entwisle 1994) as Chaetomorphn linuitt, as the 
filaments are very rarely branched and the cells are broad, moderately short (L/D 
2.5-3.5) and thick-walled. Comparison with perennial fragments in other collections 
(Skinner 0041, Thurgate 21) and the occasional subterminal branch initial or scar 
suggest that it may be better referred to Cladophora aegagropila. 

Specimens examined: Queensland: Burdekin R., Hwy crossing, Reid 270103.05 ,27 Jan 2003 (NSW). 

New South Wales: Northern Tablelands: MacDonald R., Bendemeer, Skinner 0074, & Cherry, 21 May 
2000 (NSW); Falconers Ck, Backwater Rd, near Guyra, Skinner NED027, Dec 1974 (NE); Apsley R., 
Walcha, Skinner 0201 & Cherry, 25 May 2000 (NSW); Apsley R., Apsley Falls, Skinner 0203b & Cherry, 
25 May 2000 (NSW); Tia R., Tia Falls, Skinner 0214 & Cherry, 25 May 2000 (NSW). Central Coast: 
McKeLl Park, Darling Point, Port Jackson, Skinner 0314 ,18 Apr 2001 (NSW); Yarramundi Bridge, 
Nepean R., Skinner 0334 & McPItearson, 9 Aug 2001 (NSW). Central Tablelands: Wingecarribee R., 
Berrima, Skinner 0317, 25 Apr 2001(NSW). Central Western Plains: Arnolds bridge, Page R., 
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Fig. 4. Cladophom aegngropila: a, b, lateral branching ; c, apical cell ( Skinner 0317); C. glomerata : 
d, pseudodichotomous branching; e, apical tip ( Skinner 0408, Arnold & Towler). (Scale = 20 pm) 
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Murrurundi, Skinner 0021 ,11 Dec 1999 (NSW); Lake Cargelligo, Skinner 0476, Arnold & Towler, 
4 Oct 2001 (NSW). 

Victoria: Barwon R., Barwon Valley Park, Belmont, Skinner 0012, 1 Feb 1986 (NSW); Lake Cooper, 
near Shepparton, Gar?in AG 30.09.01.1AI, 30 Sept 2001 (NSW); Korkuperrimul Ck, Bacchus Marsh, 
Entwiste 1507, 14 Jul 1988 (MEL). 

South Australia: 'Heatherdale', Sellicks Hill, Skinner 0557, & Thomas, 12 Nov 1976 (NSW, AD); 
Torrens R., River Torrens Linear Park, Paradise, Skinner 0276, 24 Dec 2000 (NSW); Torrens R., RTLP, 
Highbury, Skinner 0278, 24 Dec 2000(NSW); Eight Mile Ck, Skinner 0041, 6 Dec 1989 (NSW); Ewans 
Ponds, Thurgate 21, -Feb 1992 (MEL); Goulden Hole Thurgate 12, - Feb 1992 (MEL); Piccaninnie 
Ponds, Skinner 0032, 00033, 15 Nov 1989 (NSW); main pond, Piccaninnie Ponds, Skinner 0445, 
Arnold & Towler, 1 Oct 2001 (NSW); Piccaninnie Ponds, Thurgate (Entwisle 1540), -Oct 1988 (MEL). 

Doubtful determinations: New South Wales: Eastern Ck, Coveny 18856, 16 Apr 2001 (NSW); 
Macdonald R., Bendemeer, Skinner 0071, 0072 & Cherry, 21 May 2000 (NSW); RBG Mt Annan, 
Coveny 18890, 22 Nov 2001 (NSW) may all be referable to C. parvula, but are much, much bigger 
plants than the Type (as described in Mobius 1895). 

3c. Cladophora globulina (Kiitz.) Kiitz., Phyc. germ. 219 (1845). 

Conferva globulina Kiitz., Alg. aq. dale, germ., no. 20 (1833). 

Filaments are long and delicate, with almost no branching; apical cells tapering 
sharply to a bluntly rounded end , L/D 7-10, 17-20 pm diam., cells of filaments thin 
walled, L/D 10-12, to 35 pm diam.; insertion of branches rare, at first lateral but 
becoming sub-dichotomous with age in lower parts of axes. Reproduction by 
fragmentation or akinetes, as well as zoids. Fig. 5 a—d. 

Distribution and habitat: Continental Europe; newly recorded for Australia from 
central and south coast of New South Wales, where it is found in artificial ponds and 
a sluggish, seasonally shallow to dry river. 

Notes: The Quaama and Camperdown specimens conform well vegetatively to the 
description in van den Hoek (1963), the Camperdown collection being additionally 
actively reproductive, releasing large numbers of zoids. Van den Hoek (1963) 
comments on the 'thorn-like' appearance of young branch initials and the swelling of 
the cell ends in older parts of the filaments, both of which features can be seen in 
Australian material. Confusion with Rhizoclonium can be largely avoided in fresh 
material by looking for nuclei, as most ceLls have four, six or even ten as opposed to 
2-4, in Rhizolclonium riparium. 

Specimens examined: New South Wales: Central Coast; Victoria Park, Camperdown, Skinner 0554, 
24 Mar 2002 (NSW); garden pond, Penrith, Cammack s.n., 17 Jan 2000 (NSW); Lake Nadungamba 
in Mount Annan Botanic Garden, Coveny 18980,22 Nov 2001 (NSW). South Coast: Dry R., Quaama, 
Skinner 0524, 0526, 2 Jan 2002 (NSW). 

3d. Cladophora glomerata (L.) Kiitz., Phyc. gen. 226 (1843). 

Conferva glonterata Linnaeus, Sp. pi. 11:1167 (1753) 

Cladophora chartacea Grunow, Reise...Novara, vol.I, Sporenpflanzen. Heft I Algae 1 (1867) 

Rhizoids basal, often grouped into a fascicular holdfast. Axes repeatedly branched, 
insertion either terminal or lateral but at the apical ends of cells, becoming co-terminal 
and so forming pseudo di-or trichotomies; growth intercalary to acropetal; main axes 
100-275 pm diam., L/D (7—12)—(1.5—5), ultimate branch cells (22-34)-(68-100) pm 
diam., L/D (5-10)-(l.5-3.5), apical cells (21-31 )-(58-91) pm diam., L/D (6-13)-(1.5-5). 
Reproduction by fragmentation, by intercalary akinetes, and zoids formed in terminal 
and sub-terminal cells of upper lateral branches, opening by sub-terminal or terminal 
pore. Figs 4 d,e, 5 e,f. 
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Fig. 5. Cladophora glomllim: a, apical tip; b, terminally thickened cell, showing distribution of nuclei; 
c, branching pattern; d, thorn-like branch initial (Skinner 0554); C. glomerata: e, rhizoidal system; 
(Woods s.n.) f, series of sporangia (Skinner 014). (Scale = 20 pm) 
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Distribution and habitat: cosmopolitan, reported from freshwater and saline habitats 
in all states and territories of Australia. Widely distributed in New South Wales, where 
it favours neutral to alkaline, often weedy waterways, but can also be found in 
seepages and other almost aerophylic conditions. A similar distribution is to be 
expected in other States, as is indicated by the South Australian collections examined. 

Notes: This is a very variable and frequently perennial species, so that some specimens 
may have much variation in dimensions between old and new growth that probably 
reflect responses to changes in environmental conditions. 

Cladophora cliartacea Grunow (1867), based on a collection by Frauenfeld at Naraby 
(most likely an orthographic error for Narrabeen) Lagoon, Port Jackson, is a good 
example of the blanket-weed form of C. glomerata. Tire dried material does show the 
alternating imploded cells of Grunow's figure, but on regaining turgidity it displays 
the expected form of the species. When growing rapidly, specimens often show a 
predominance of conspicuously shortish cells in the new-growth parts. 

Specimens examined: New South Wales: North Coast: Wrights Ck, Port Macquarie, Skinner 0014, 
1999 (NSW). Northern Tableland: Wollomombi R., Waterfall Way bridge, Skinner 0190 & Cherry, 
24 May 2000 (NSW). North West Slopes: Chaffy Dam, Peel R., near Nundle, May s.n. 14 Feb 1978 
(NSW). Central Coast: BB Ck, Manly Dam, no collector name 22 Sep 2000 (NSW); Middle Harbour 
Ck, St Ives, Entwisle 2962, 20 Mar 1999(NSW); Panama, Pinner s.n., 2 Jul 2000 (NSW); Tropical House 
pond, RBG Sydney, Skinner 0228a, 21 Jun 2000 (NSW); stairs between Lower Fort St & Hickson Rd, 
Dawes Point, Sydney, P.G. Wilson 1578, 20 Feb 2003 (NSW); West Wollongong, Garcia s.n. 14 Mar 
2002 (NSW); Nor-West Business Park, Baulkham Hills, Rooney s.n., 10 Jul 2003 (NSW); Lake 
NadungambainMt Annan Botanic Garden, ling,], s.n., 220ct 2001 (NSW). Central Western Plains: 
Lake Cargelligo, Skinner 0477, Arnold & Towler, 4 Oct 2001 (NSW). South Coast: Narira Ck, 
Cobargo, Skinner 0233, 13 Jul 2000 (NSW); Jemersons Beach, Potato Point, Skinner 0496, 27 Dec 2001 
(NSW). South West Slopes: Botanic Gardens, Wagga Wagga, Skinner 0378, Arnold & Towler, 26 Sept 
2001 (NSW). South West Plains: Yenda, Skinner 0359, Arnold & Towler, 24 Sep 2001 (NSW); Box Ck 
channel, Blighty, Skinner 0408, Arnold & Towler, 27 Sep 2001 (NSW). 

Also: Naraby Lagoon, Port Jackson, Frauenfeld 884, 1858? (NSW) = Coll. Grunow 15411, 32416, 
32417, 32418. (WEIN). 

Victoria: Lake Cooper, Shepparton, Garcia AG 30-09-01-1 Al, 30 Sep 2001 (NSW). 

South Australia: Inman R., billabong, Encounter Bay, Skinner 0005, Oct 1978 (NSW); Brownhill Ck, 
Fullerton Rd., Woods s.n., 18 Jun 1978 (NSW); Torrens R., Reeds Rd ford, Highbury, Skinner 0004, 
4 Feb 1986 (NSW); Bool Lagoon site 1, Lloyd s.n., 5 Nov 1982 (NSW). 

Northern Territory: Roper R. at Moraok Station, Townsend A1,A2, 12 Sept 2000 (NSW). 

Western Australia: Swan R,, Wanganga NP, Entwisle 2994; Loch Ness, Yanchep bin area, Entwisle 
3000. 

3e. Cladophora fracta (Mull, ex Vahl) Kiitz., Pln/c. gen. 263-264 (1843) 

Conferva fracta Muller ex Vahl, Flora danica 16: 946 (1787) 

Basal rhizoids often present, although plants not usually attached; branching frequent, 
insertion terminal; vegetative cell walls usually not heavily lamellated, growth mostly 
acropetal. Apical cells L/D 3.5-25, 14-27 pm diam.; ultimate branch cells L/D 3-17, 
17.5-38 pm diam.; main axes L/D 1.5-14, 45-85 pm diam. Reproduction asexual. 
Sporangia in laterals, tumid, L/D 5-8; 29-36 pm diam. opening by terminal pore. 
Akinetes not seen. Fig. 6 a,b. 

Distribution and habitat: world-wide but apparently uncommon, rare or under¬ 
collected in Australia. Favours coastal localities with fluctuating balance of salt and 
fresh water such as estuaries and sand dune marshes. 
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Fig. 6. Cladophorn fracta: a, branching filament, including immature sporangium (third branch); 
b, discharging sporangium (Skinner 0512); Wittrockidla salina var. kraftii: c, d, prostrate system; 
e, erect filament (Brown 2000/157 et «/.). (Scale a, b = 20 pm, c-e = 50 pm) 






















746 


Telopea 10 ( 3 ): 2004 


Notes: both specimens of the NSW collections are from the same estuarine system 
from sites where the water was only slightly salty to taste and direct communication 
to the sea only intermittent during spring tides. 

Specimens examined: New South Wales: South Coast: estuary between Lake Brunderee and Potato 
Point beach, Skinner 0512, 29 Dec 2001 (NSW); Lake Brunderee, Skinner 0515, 31 Dec 2001 (NSW). 

4. Wittrockiella Wille 

A small genus of a few species that are most often encountered in specialised coastal 
and estuarine habitats. The prostrate and erect systems are photosynthetic, and there 
is little uniformity in cell shape, rather a fitting to spaces between surrounding cells 
Most previous records in Australia and from overseas are from saline habitats or the 
brackish-water interfaces between fresh and salt water in coastal rivers. 

Wittrockiella salina Chapman, Fctrlowia 3: 495 (1949) var. kraftii Skinner & Entzvisle 

var. nov. 

Filamentibus prostratis ad varietati implicitae aestuariis mentiens sed in aquam 
dulcem processibusque erectis intricatis sinuatis sineque pilis. 

Type: New South Wales: Lord Howe Island, Dinner Run, at base of lowest falls. Brown 
2000/157, Conn, Downs & Hutton, 11 Nov 2000 (holo: NSW). 

Thallus a mat of entangled, freely branching prostrate filaments (with some 
suggestion of anastomoses) and erect processes rhizoid-like in appearance. Prostrate 
filaments of short broad, cylindrical to irregular cells, L/D l-2.5(-3), 200-260 pm 
diam.; terminal cells broadly obtuse and short, 100-150 pm diam. Erect processes 
arising laterallyor sub-apically, erect, sinuous, narrow, much longer than broad, 25-90 pm 
diam. Reproduction unknown. Fig. 6c-e. 

Etymology: named in honour of Dr G. T. Kraft who has contributed much to the study 
of marine and freshwater Cladophorales in Australia, and has a continuing special 
interest in the algal flora of Lord Howe Island. 

Notes: var. kraftii does not show either the regular erect processes in W. salina or the 
hairs, especially when compared to the ball form from the Lake Brunderee estuary 
near the Tuross River delta. It has more elongate erect processes and, at least in its Type 
collection, a contrasting habitat preference. W. salina var. kraftii does not compare well 
with the description and illustration in Harvey (1855) for W. lyallii (as Cladophora lyallii 
Harvey) from New Zealand, but has some similarity to the figures of W. lyallii 
(Harvey) van den Hoek, Ducker & Womersley that are given in van den Hoek et al. 
(1984). W. lyallii has apical cells 250—510 pm diam. and intercalary cells 250—450 pm 
diam. (van den Hoek et al 1984), however, which are much larger dimensions than 
those of W. salina var kraftii, and in addition form as a turf at high water or form 
floating 'moss' balls. 

The type variety is an estuarine populant of south eastern Australia and New Zealand. 
As noted by van den Hoek et al. (1984), it is often found in lower salinities than marine 
habitats. Skinner 0514, from the estuarine creek flowing out of the almost freshwater 
Lake Brunderee, is the 'moss-ball' form. The creek mouth was closed to all but spring 
tides in summer 2001-2002, but the water tasted salty at the place, close to the road to 
the mouth of the Tuross, where the moss balls formed a carpet on top of the water. 
Other records from the south coast of New South Wales ( Verdon 1091, 1097 ) are of the 
turf form from margins of coastal waterways. 

Wittrockiella salina var. salina examined: New South Wales: South Coast: estuarine creek into 
Lake Brunderee, Potato Point, N.S.W., Skinner 0514, 30 Dec 2001 (NSW), Little Malua Bay Beach, 
Malua Bay, Verdon 1091 ,10 Apr 1975 (CANB); Lilli Pilli Beach, 8 km S of Batemans Bay, Verdon 1097, 
10 Apr 1975 (CANB). 
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There are a number of other infrequently encountered freshwater genera in 
Cladophoraceae, including Cladophorella Fritsch, Cladostroma Skuja, Arnoldiella Miller 
and Chaetonella Schmidle and more (Bourrelly 1966,1988). Arnoldiella and Cladostoma 
are taxa with compact thalli, whereas Cladophorella has some morphological 
similarities to Wittrockiella, but is distinct in forming terminal akinetes, and having its 
erect processes composed of regular cylindrical cells like those of short filaments in 
Cladophora. None of these mostly middle-European taxa have yet been reported from 
Australia. 
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Notes on the geography of South-East Asian 
Begonia and species diversity in montane 

forests 
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Abstract 

Hoover, W. Scoff 1 , Karegeannes, Carrie 2 , Wiriadinata, Harry 3 , Hunter, James M. 4 PNew England Tropical 
Conservator}/; 2 American Begonia Society; 3 Herbarium Bogoriense; 4 Neiv England Tropical Conservatory) 
2004. Notes on the geography of South-East Asian Begonia and species diversity in montane forests. 
Telopea 10(3): 749-764. Field reconnaissance of Begonia in lower montane forests of Sumatra and 
Sulawesi, Indonesia was undertaken in 1995 and 1998, with formal research expeditions being 
conducted in lower montane forests of West Java in 2000 and 2001. Forty-seven mountains have 
been explored in Indonesia, by mostly single samplings along elevational gradients on each 
mountain. Taxonomic determinations have been made for most of the Begonia collected in 2000 and 
2001 and species of the section Sphenanthera were recognised, observed and photographed in 
Sumatra and Sulawesi. In 1977 and 1978, wet tropical forest at the Carpentaria mining exploration 
site at the Frieda River, West Sepik, Papua New Guinea was explored for Begonia. Many different 
Petermannia species were diversified along elevational gradients. Field observations at this West 
Sepik site suggest populations of individual species were often restricted to one or several small, 
localised colonies along stream margins within the 25 km 2 site. 


Introduction 

The important horticultural genus Begonia is unusual among angiosperms from a 

number of standpoints: 

1. It is ranked the 16 th largest genus of vascular plants by Minelli (1993), who lists 
Begonia as having 900 species. According to Smith et. al. (1986) and Doorenbos et. al. 
(1998), the genus is estimated to include 1400 species, equalling Solatium and 
Psychotria in size. Begonia is now considered to be one of the five largest genera of 
vascular plants with up to 1600 species (Sands, 2001). 

2. The taxonomy of the Begoniaceae has been very difficult and historically 
controversial, (for example, Irmscher 1915, Lawrence 1951). Sands' (1977, 1982,1990 
and 2001) taxonomic work on South-East Asian Begonia has been extensive and he 
has described many valuable horticultural species including B. amphioxis Sands and 
B. chlorosticta Sands. 

3. Though many species of Begonia have singly occurring stomata (Hoover 1990a) 
many other species are observed to have stomatal clusters and a hypoderm (Fellerer 
1892, Hoover 1986). 

4. Medullary and cortical vascular bundles in the petiole and stem of many Begonia 
species represent an anatomical pattern more like monocotyledons than dicots 
(Esau 1965). 
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5. Physiologically, Begonia is distinct for the presence of oxalic acid in cytoliths, another 
characteristic limited in the angiosperms (Pireyre 1961). 

Most botanical exploration of SE Asian countries has occurred at lower elevations, 
leaving higher montane forests largely unexplored. Begonia is highly diversified in SE 
Asian montane forests (Bates 1978, Hoover 1990b, 1998; Hoover et. al. 2000) and, to 
such a degree, that the genus may be an indicator of overall floristic diversity. In these 
notes we identify the number of Begonia species per section and their geographical 
distribution in SE Asian countries. 


Methods 

Counts for number of species per country, region or island were initially evaluated 
from Barkley's (1972) list, and then updated from Doorenbos et al. (1998) sectional 
assignment (Table 1), although Sands regards the total number of species per country 
as low (Sands, pers. comm). More detailed figures for the Flora Malesiana region can 
be found in Sands (2001). 

Botanical exploration of Indonesian montane forests and the Frieda River, West Sepik, 
Papua New Guinea area involved standard herbarium specimen acquisition and data 
recording. The first set of specimens were deposited within the countries of origin, a 
second set of duplicates were deposited with Harvard University Herbarium (HUH) 
with additional duplicate sets distributed to different herbariums by HUH. Due to 
great species variation in Begonia, often up to 10 duplicates were collected, thus 
providing many specimens for taxonomic specialists. Determinations have not been 
made on most of these collections, though many West Javan collections are believed to 
be identified correctly. 

Accessing the remaining montane forests covering volcanoes in Indonesia involved 
determining which roads lead to the highest point on the mountain, hiking a couple 
of hours through agricultural land until reaching forest, which often was disturbed, 
especially in West Java Province. Sumatran and Sulawsian lower montane forests were 
generally not disturbed. Hunting trails network these forests. Local guides lead 
collectors to trails that were close to streams so there would be a higher probability of 
finding Begonia. Roads leading to the higher elevations generally stopped at 1000m. 
Collectors would usually hike another 200m until reaching forest, and spend the rest 
of the morning and early afternoon collecting from roughly 1200 to 2000m, depending 
upon the mountain. For safety reasons, collecting always stopped around 2:00pm. 

Collecting at the Frieda River involved working at the Carpentaria Exploration Base 
Camp, located at approximately 4°35’S/142°E. Access to the remote, low elevation 
stream valleys was accomplished through use of the mining companies helicopter. 
Three weeks were spent conducting botanical exploration at the approximately 25 km 2 
gold and copper exploration site. Collection sites were identified by geologist Ron 
Britten based on different soil conditions. Dr. Ted Henty of the Lae Forestry 
Department suggested that we conduct the general botanical exploration of the Frieda 
site because of its unusual flora, stating he had visited the site briefly and observed 
that floristic composition was more like that of lower montane forests even though 
elevation ranged generally from 400-1000m. 


Results 

The 18 sections of SE Asian Begonia include about 576 species. 94.6% of the species 
were placed in 6 sections, in order of size: Petermannia (189), Diploclinium (133), 


Section Indian China Malaysia Indochina Myanmar Philippines New Borneo* Sumatra Java Sulawesi Worldwide 

region* with (Peninsular) region* (Burma) Guinea* (Celebes) Total species/ 

Taiwan region section 
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Platycentrum (110), Reichenheimia (43), Sphenanthera (36), and Parvibegonia (36) (Table 1). 
The first three sections accounted for 74.7% and the latter three sections representing 
19.9%. The 12 minor sections include 31 species. The few species not assigned to 
sections are excluded from tabulations. 

South-East Asian sections have distinct geographical distribution patterns (Table 1). In 
Petermannia, 154 species representing 81.5% of the section are observed in the 
Philippines, New Guinea and Borneo. The remaining 35 species are distributed 
between Sulawesi, Sumatra, Peninsular Malaysia, Java and Indochina region, while no 
species of Petermannia were collected in Myanmar, China or the Indian region. 
Diplodinium is concentrated primarily in China, with 39 species (29.3%), and The 
Philippines, with 36 species (27.1%). Nineteen species (14.3%) are observed from the 
Indian region; these three geographical areas account for 70.7% of this section's 
distribution. The remaining species of this section are somewhat equally distributed 
between the Indochina region. New Guinea region, Sumatra, Borneo, Myanmar and 
Peninsular Malaysia. No species of Diplodinium have been described from Java or 
Sulawesi, though several unidentified species of this section may have been observed 
on these islands (Hoover 1995, 1998). The section Platycentrum is predominately of 
mainland distribution, having 82.7% of the section distributed between China (45 
species, 40.9%), Indian region (25 species, 22.7%) and Peninsular Malaysia (21 species, 
19.1%). Small numbers of species are observed in Myanmar, Indochina region. The 
Philippines, Sumatra, Borneo and Java, with no species in this section found in the 
New Guinea region or Sulawesi 

Tire sectional distributions of Reichenheimia and Sphenanthera indicate no single 
country, region or island is represented by more than 20% of their respective species. 
Reichenheimia is distributed throughout SE Asia, with no species found in the 
Philippines or New Guinea region. Sphenanthera is distributed somewhat equally 
among the India and Indochina regions, Java, Sulawesi and China, with a few species 
found in Peninsular Malaysia, the Philippines, New Guinea region and Sumatra. 
Parvibegonia is primarily a mainland Asian section, with 3 species observed in 
Sulawesi. Our team may have recently collected one or 2 species of Parvibegonia on 
Java (pers. comm., Tebbitt), possibly being the first collections of this section from Java. 

Table 2 lists the number of Begonia collections our team has made in SE Asia since the 
late 1970's. Figures 1-4 indicate the geographical locations for field work in Indonesia. 
Appendix 1 provides detailed information on each of the mountains we explored in 
Indonesia. 

Table 2. Hoover and team's SE Asian Begonia field collections. 


Country/year of 

No. of 

No. of 

expedition & duration 

collections 

estimated species 

Papua New Guinea 

Nov. 1977-Mar. 1978 

84 

46 

Thailand 

Jan.-Feb. 1990 

32 

14 

Peninsular Malaysia 

March 1990 

31 

10 

Sumatra, Java, Bali, Indonesia 

Jan.-Mar. 1995 

36 

17 

Sumatra, Sulawesi, Java, Indonesia 
Feb.-Apr. 1998 

53 

20 

Java, Indonesia 

Feb.-Mar. 2000 

138 

13 

West Java Province, Indonesia 

Apr.-May 2001 

85 

9 

Total 

459 

N.A. 
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Several field observations appear relevant to the geography of Begonia in these 
countries. It appears the most common and geographically widespread species in 
Indonesia are found at the lower to middle elevations, exemplified by the following: 
Begonia isoptera Dry, B. muUangula Blurne, B. longifolia Blurne, and possibly B. muricata 
Blume. The taxonomy of these common species may be difficult due to local variation. 
As species characteristics are not stable, taxonomic confusion exists as noted by many 
botanists observing Begonia in the field. As elevation increases, endemism seems to be 
more prevalent and individual species morphological characteristics appear more 
stable and more clearly defined. Individual mountains at the upper elevational limits 
for Begonia (about 1800-2000m) may harbour endemic species particular to an 
individual mountain or a group of adjacent mountains. Sections Sphenanthera and 
Petermannia appear to include the most endemic species in Java and Sumatra. Species 
that may be new appear to be local endemics whose populations are restricted in size 
as well. Local endemics are found in small populations along stream margins or less 
frequently along ridges and forest areas between streams. The more common species 
of Begonia have been identified with reasonable certainty, but less common species 
remain unidentified. A number of species photographed in Sumatra and Sulawesi on 
the reconnaissance expeditions did not appear to be represented by any collection in 
the Bogor or Harvard University Herbariums. This does not mean they may not be 
represented in European Herbariums. 



Map Legend 

1. Mt. Salak 

2. Mt. Pangrango 

3. Mt. Gede 

4. Mt. Burangrang 

5. Mt. Tangkubanperahu 

6. Mt. Bukittunggu 

7. Mt. Patuha 

8. Mt. Waringin 


9. Mt. Tilu 

10. Mt. Windu 

11. Mt. Kancana 

12. Mt. Malabar 

13. Mt. Cikuray 

14. Mt. Telagabodas 

15. Mt. Ciremay 


Fig. 1. Begonia exploration site in West Java. Indonesia. 
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At the Frieda River, West Sepik, Papua New Guinea, Begonia was highly diversified 
with seemingly local Petermannia endemics, ranging between 400 -1000m. The 25 km2 
Carpentaria exploration site received an average of 550 inches of rainfall per year, data 
accumulated over the duration of the site's existence, which was first explored by 
geologists in 1968. The three weeks of fieldwork allowed Hoover to explore an 
estimated 60% of the larger streams at the site, thus offering a reasonably good 
opportunity for examining the distribution of Begonia. An estimated 20 species of 
Begonia were collected at the Frieda River area, with only one species of Platycentmm 
being common, and that was at the uppermost elevations between 800 to 1200m. 
Furthermore, the species occurred as a vine or an epiphyte growing to several meters 
along tree trunks, characteristics that were not exhibited in the other begonias at 
Frieda. Only one or two of the Frieda River species were observed elsewhere in Papua. 
Platycentrum species are not generally distributed in New Guinea (see Table 1). Except 



Map Legend 

1. Mt. Botol 

2. Mt. Kendeng 

3. Mt. Kendeng 

4. Mt. Halimun 

5. Mt. Bodas 


107° 


Fig. 2. Begoina expolration sites in Halimun National Park, West Java, Indonesia. 
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for the common Platycentrum, the distinct impression resulting from observations on 
Frieda River Begonia was that individual species appeared limited to a single 
population or to several, with each local population consisting of a few individual 
plants or small colonies. Over an elevational range of usually several hundred meters 
along streams, one could observe between four to six different species per stream. 
Individual streams had different Begonia species compositions, even when streams 
were adjacent or within close proximity to one another. This Begonia species diversity 
is the highest Hoover has ever observed in a small geographical area, though similar 
high-density species diversities among Piper, Arithurium and Philodendron in Carchi 
and Esmeraldes Provinces, Ecuador were observed. Croat (pers. comm.) has made 
similar observations for these genera of the Araceae in Western Colombia and Ecuador 
as well. 


1. Mt. Siluatan 

2. Mt. Lubukrya 

3. Mt. Malintang 

4. Mt. Ophir 

5. Mt. Singgulang 

6. Mt. Merapi 

7. Mt. Talang 

8. Mt. Patiacermin 

9. Mt. Kerenci 

10. Mt. Sumbing 

11. Mt. Seblat 

12. Mt. Keba 

13. Mt. Dempo 

14. Mt. Nani 

15. Mt. Pugnug 

16. Mt. Sekkau 

17. Mt. Ulusabak 

18. Mt. Tanggamus 

19. Mt. Ratai 



Fig. 3. Exploration sites in Sumatra, Indonesia. 
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Discussion 

Most SE Asian begonias were collected in the past from lower elevations when forest 
cover was nearer its original size. The logistics required to do botanical collecting in 
lowland tropical forest during the 1800's to early 1900's was difficult enough, without 
trying to reach mountain forests large distances away along steep slopes. 
Deforestation has provided the unfortunate benefit in modern times of access to some 
montane forests, though not without considerable logistical effort. Montane forests of 
Java, Sumatra and Sulawesi are restricted to about 280 mountains over 1500m 
(unpublished data). Few of these mountains appear to have been explored 
scientifically. 

Field observation on Begonia in lower montane forests of Indonesia and Papua New 
Guinea indicate species prefer stream margin habitats. And the steep, rocky 
embankments directly above streams are the habitats preferred over forest slope areas 
or mountain ridges. When undertaking field expeditions to collect Begonia , the 
decision was made to search out streams along elevational gradients. Stream margins 
are subject to regular disturbances caused by rise and fall of water level in the stream. 



Fig. 4. Begonia exploration sites in Sulawesi, Indonesia. 
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A line of vegetation is frequently observed along stream banks, due to rainfall running 
off mountain slopes, filling streams and stripping the vegetation off embankments. It 
is also observed that light ranges from deep shade to sunny gaps along streams. These 
light gaps appear to be microhabitats being places where a stream levels out forming 
a pool or where a small flattened area is found along the mountain slope, allowing 
running water to spread out over a larger area, or where pools form at the base of 
larger waterfalls. Gaps, of course, are observed where trees fall across streams opening 
the canopy. 

This constancy and variation of habitat disturbance, both from water and light, may 
be relevant to understanding high species diversity in the genus. Though not directly 
applicable to Begonia species diversity, but possibly relevant, is the “intermediate 
disturbance hypothesis" tested by Molino and Sabatier (2001) for tropical forest trees 
on Barro Colorado Island, Panama. Patch size, tree fall gaps are recognised to cause 
disturbance in tropical forests and are believed to harbour a greater diversity of plants 
than in surrounding forest. Begonia appears to colonise disturbed habitats in natural 
forest as well as along roadside embankments in lower montane forest. Could the 
constant disturbance of Begonias environment be part of the cause for the genus being 
so diverse? 

Having observed dozens of streams and their vegetation in lower montane tropical 
forests of SE Asia, the impression is that light gaps along streams are pockets of higher 
plant diversity than stream areas without gaps. Light gaps along streams appear to be 
more diverse than in forests on slopes or ridges. If indeed such an observation were 
confirmed through data collecting, the explanation might well be the same as for 
higher plant diversity caused by tree fall gaps. Unlike tree fail gaps, light gaps along 
streams are much older, having natural histories based on geomorphic time scales. 
After volcanic eruptions, streams begin to erode mountain slopes and plant 
colonisation begins. Some of these stream habitats may indeed be quite ancient. One 
often observes the same herbaceous plant groups colonising these light gaps along 
streams: Aroids, Begonia, ferns, Gesneriads (particularly Cyrtandra), to name a few 
common groups. 

Field observations and herbarium specimens indicate many species of Begonia are local 
or regional endemics. Though fieldwork in the ultra-wet Frieda River was limited to 
the Carpentaria Site, it appeared the entire area was dominated by local endemics. In 
Indonesia, endemism seems to be at the regional level with individual species 
distributed on several mountains, often adjacent to one another. Endemic species also 
seem to have very narrow elevational ranges. An observation by van Steenis (1969) 
adds perspective to issues regarding tropical plant species endemism. "This leads me 
to conclude that endemic, and even, local-endemic, species in the Malesian tropics 
must be defined as 'species that have not yet been found elsewhere', expressing 
thereby that exact floristic knowledge of distribution is hard, if even possible, to attain 
in tropical forest." Begonia will continue to offer many surprises. 


Acknowledgments 

We are always grateful to the Bogor Herbarium and LIPI for extending us the 
opportunity to obtain permits and work in Indonesia. Rizali Indrakasuma and the 
Consulate General's Office in New York have been most helpful over the years and we 
thank them for their efforts. 

Much appreciation is extended to the American Begonia Society for grants supporting 
our expeditions. Though it is not possible to list all our ABS patrons we extend special 


758 


Telopea 10(3): 2004 


thanks to Gene and Ann Salisbury, Tim and Thelma O'Reilly, Tom Keepin and friends, 
Howard and Barbara Berg and Peter and Carol Notares. 

Though Dr. Peter Ashton is not responsible for any conclusions or opinions drawn in 
these notes, none of this would have been done without his prompting, for which we 
are most grateful. The patience and assistance of Bob Cook, John Burly, David 
Middleton, and the Harvard University Herbarium staff is most appreciated. 

Hoover wishes to acknowledge his respect for Dr. Bernice Schubert, her scholarly 
work on Begonia and her viewpoints regarding the value of taxonomy. 


References 

Barkley, F. (1972) Begoniaceae: The genera, sections and known species of each. The Buxtonian 1 
(5): 1-20. 

Bates, P.P. (1978) A botanist's adventure in Papua New Guinea. The Begonian 5: 284-285. 

Doorenbos, J., Sosef, M.S.M. & de Wilde, J.J.F.E. (1998) The sections of Begonia, including descriptions, 
key and species lists (Studies in Begoniaceae VI). (Wageningen Agricultural University Papers: 
Wageningen, The Netherlands). 

Esau, K. (1965) Plant Anatomy. (J. Wiley & Sons: New York). Fellerer, C. (1892) Anatomie and 
Systematik der Begoniaceen. Unpubl. Ph. D. thesis, (University of Munich: West Germany). 

Hoover, W.S. (1986) Stomata and stomata clusters in Begonia: ecological response in two Mexican 
species. Biotropica 18:16-21. 

Hoover, W.S. (1990a) Notes on a novel abaxial leaf epidermis in Ecuadorian Begonia parviflora . 
lournal of Am. Arbor. 71: 259-264. 

Hoover, W.S. (1990b) Summary of the 1989-90 Expedition. Part 1: Thailand. The Begonian 
57:214-216. 

Hoover, W.S. (1997) 1995 Martin Johnson memorial Begonia expedition to Indonesia. The Begonian 
64:16-19. 

Hoover, W.S. (1998) 1998 Indonesian Expedition. The Begonian 65:206-210. 

Hoover, W.S., Hunter, J. M., Hoover, C. G. & Hoover, M. H. (2000) Wonder of the rainforest: 
botanical observations on the Indonesian Begonia. The Explorers lournal 78(20): 24-27. 

Irmscher, E. (1915) Begoniaceae. in H. Gustav, A. Engler, & K. A. E. Prantl. Die naturlichen 
Pflanzenfamilien, edn 2,21. (Leipzig). 

Lawrence, G.H.M. (1951) Taxonomy of vascular plants. (Macmillan & Co.: London). Minelli, A. (1993) 
Biological Systematics: The State of the Art. (Chapman & Hall: London). 

Molino, J. & Sabatier, D. (2001) Tree diversity in tropical forests: A validation of the intermediate 
disturbance hypothesis. Science 294:1702-1704. 

Pireyre, N. (1961) Contributions to the morphological, histological and physiological study of 
cystoliths. Rev. of Cytology and Plant Biology 23: 93-320. 

Sands, M.J.S. (1977) Begonia saxicola . Curtis Botanical Magazine 181:149-154. 

Sands, M.J.S. (1982) Begonia chlorosticta . Curtis Botanical Magazine 183:131-137. 

Sands, M.J.S. (1990) Six New Begonias from Sabah. The Kew Magazine 7(2):57-83. 

Sands, M.J.S. (2001) Begoniaceae. Pp. 147-163 in J. J. Beaman, C. Anderson, & R. S. Beaman, The 
Plants of Mt. Kinabalu. (Natural History Publications (Borneo), Royal Botanic Gardens: Kew). 

Smith, L.B., Wasshausen, D.C., Golding, J. & Karegeannes, C.E. (1986) Begoniaceae. Part I: Illustrated 
Key, Part 11: Illustrated Species List.Smithsonian Contributions to Botany no. 60.( Smithsonian 
Institution Press: Washington, D.C). 

Tebbitt, M. C. (1997) A Systematic Investigation of Begonia Section Sphenanthera (Hassk.) Benth. 
Hook f. Unpublished Ph.D. Thesis (University of Glasgow). 

Tebbitt, M. C. & Dickson, J.H. (2000) Amended descriptions and revised sectional assignment of 
some Asian Begonias (Begoniaceae). Brittonia 52(1):112-117. 

van Steenis, C.G.G.J. (1969) Plant speciation in Malesia, with special reference to the theory of non- 
adaptive saltatory evolution. Biol. J. Linn. Soc. 1: 97-133. 

Manuscript received 18 December 2001 
Manuscript accepted 10 March 2004 





Appendix 1. Indonesian mountains explored or exploration attempted by Hoover, Hunter and Wiriadinata. 
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A new species of Agrostis (Poaceae) endemic to 

Tasmania 

D.l. Morris 


Abstract 

Morris D.L (Tasmanian Herbarium, Hobart, Tasmania 7000 Australia) 2004. A new species of Agrostis 
(Poaceae) endemic to Tasmania. Telopea 10(3): 765-767. Agrostis diemenica is newly described and 
illustrated. It is endemic to Tasmania, and has previously been known as Agrostis aff. australiensis. 


Introduction 

When the section on Agrostis was being prepared for Part 4B of The Student's Flora of 
Tasmania (Curtis and Morris 1994) a number of specimens were found which did not 
fit the descriptions of any named species. These, all regarded as native, were described 
under various 'aff.' names. Of these, aff. hiemalis, aff. parviflora and aff. scabra have now 
been included in the four species described by Jacobs (2001). A fourth, dsignated aff. 
australiensis, is here described as a new species. 

Agrostis diemenica D.L Morris sp. nov. 

A. australiens Mez. similis sed lamina folii plana, usque ad 2 mm latam, lemmate 2-2.5 mm 
longo, antheris 0.5-1.6 mm longis differt. 

Holotype: AUSTRALIA: Tasmania: Lake 1/2 km NW of Second Bar Lake (41°47'S 
146°31'E), A. Moscal 6946, 12 Mar 1984 (HO 100671). (Fig. 1) 

Loosely tufted glabrous perennial up to 35 cm high. Leaf sheaths ribbed, becoming 
loose; iigules 1-3 mm long, membranous, truncate, entire or shortly erose; blades flat, 
often becoming involute distally, up to 12 cm long and 2 mm wide, subsmooth to 
scaberulous on both surfaces. Culms smooth, sometimes scaberulous below the 
panicle. Panicle up to 10 cm long, at first partially enclosed in the uppermost leaf- 
sheath, later exserted, branches whorled or binate at the lower nodes, uppei nodes 
binate, ± stiffly spreading, bare in the proximal half, few-flowered, the spikelets 
loosely arranged at the tips of the secondary branches. Spikelets purplish, occasionally 
green. Glumes subequal to unequal, acute, keels scabrous; lower glume 2-3 mm long, 
upper glume 1.75-2.75 mm long. Lemma shorter than to shortly exceeding the glumes, 
2-2.5 mm long, the nerves obscure or purplish and obvious. Palea minute. Callus 
minutely bearded. Anthers 0.5-1.6 mm long Caryopsis c. 1.25 mm long. 

This is the A. sp. aff. australiensis Mez. described in The Students Flora of Tasmania 
(Curtis & Morris 1994), and recorded in A Census of the Vascular Plants of Tasmania 
(Buchanan 1999). 

Habitat: edges of lakes, marsh or streams, seepage ai'eas and damp areas in open 
situations. 

Distribution:Central Highlands and Mount Field National Park at altitudes between 
900 and 1350 metres. (Fig. 2) 

Etymology: from Van Diemens Land, an early name for Tasmania. 
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Fig. 1. Photograph of holotype of Agrostis diemenica. 
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Fig. 2. Map of distribution of Agrostis diemenica in Tasmania. 


Selection of specimens examined: Tarn, Wombat Moor, National Park, O. Rodway 101, 26 Mar 
1922 (CANB 1097-1); Mother Lords Plains, A. Moscal 585a, 2 Feb 1981 (HO 58896); St Patricks 
Plains, A. Moscal 6540, 28 Feb 1984 (HO 100440); Wild Dog Tier, A. Moscal 6848, 9 Mar 1984 (HO 
99281); close to the summit of Wylds Craig, P. Collier 4613, 3 Mar 1990 (HO 142895). 

Conservation status: apart from the Mother Lords Plains and St Patricks Plains 
specimens, which are in highland grazing areas, all specimens are in National Parks or 
Conservation Areas. 
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SHORT COMMUNICATION 

New combinations in Eurycaulis and Cera/a (Orchidaceae: 
Dendrobiinae), and corrections to Clements (2003) 

M.A. Clements 

There are some errors in Appendix 2 of Clements (2003), concerning taxonomic and 
nomenclatural changes, that 1 correct here. 

Eurycaulis lucens (Rchb.f.)M.A.Clem., comb. nov. 

Basionym: Dendrobium lucens Rchb.f., Hot. Zeit. (Berlin ) 21:128 (1863). 

Synonyms: Anisopetdlci lucens (Rchb.f.)M.A.Clem., Telopea 10(1): 283 (2003), nom. inval. 
Eurycaulis lucens (Rchb.f.)M.A.Clem., Telopea 10(1): 287 (2003), nom. inval. 
Combinations invalid under ICBN, Art 34.2 as both were published in the same article 
based on Dendrobium lucens Rchb.f. 

Ceraia pseudoequitans (Fessel el Liickel)M.A.Clem. r comb. nov. 

Basionym: Dendrobium pseudoequitans Fessel et Liickel, Die Orchidees 51(1): 83-85, t. 

( 2000 ). 

Synonyms: Aporum pseudoequitans (Fessel et Liickel)M.A.Clem., Telopea 10(1): 296 
(2003), nom. inval. Ceraia pseudoequitans (Fessel et Luckel)M.A.Clem., Telopea 10(1): 293 
(2003), nom. inval. Combinations invalid under ICBN, Art 34.2 as both were published 
in the same article based on Dendrobium pseudoequitans Fessel et Liickel. 

Page 283: Anisopetala lucens — see Eurycaulis lucens (Rchb.f.)M.A.Clem. 

Page 287: Eurycaulis lucens — see Eurycaulis lucens (Rchb.f.)M.A.Clem 

Page 287: Eurycaulis panduriferus — should read Eurycaulis pandurifer 
(Hook.f.)M.A.Clem. 

Page 287: Eurycaulis peralu — should read Eurycaulis pcrula (Rchb.f.)M.A.Clem., comb, 
nov. Basionym: Dendrobium perula Rchb.f, ... 

Page 288: Eurycaulis undulatus (Lindl.)M.A.Clem. — should read Eurycaulis undulatus 
(Blume) M.A.Clem. — treated as a bibliographic error of citation so the combination is 
still valid according to ICBN, Art. 33.4. 

Page 290: Basionym: Epidendrum carinatum L., Sp. PL 1350 (1753). — should read 
Epidendrum carinatum L., Sp. PL 953 (1753). 

Page 290: Ceraia confunda — should read Ceraia confundens (Kraenzl.)M.A.Clem. 

Page 291: Ceraia hypopoga — should read Ceraia hypopogon (Kraenzl.)M.A.Clem. 

Page 292: Ceraia lagara (Schltr.)M.A.Clem. should read Ceraia lagara 
(Seidenf.)M.A.Clem. — treated as a bibliographic error of citation so the combination 
is still valid according to ICBN, Art. 33.4. 

Page 292: Ceraia lamatochila — should read Ceraia lomatochila (Seidenf.)M.A.Clem., 
comb. nov. Basionym: Dendrobium lomatochilum Seidenf., ... 

Page 293: Ceraia pseudoequitans — see Ceraia pseudoequitans (Fessel et 
Liickel)M.A.Clem. 
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Page 295: Aporum confusum (Schltr.)M.A.Clem., comb. nov. — should read Aporum 
confusum M.A.Clem., nom. nov. Basionym: Dendrobium confusum Schltr., Repert. Spec. 
Nov. Regni Veg. 10: 72-73 (10 Nov.1911), non J.J.Sm. (Mar.1911). 

Page 296: Aporum pseudoequitans — see Ceraia pseudoequitans (Fessel et 
Liickel)M.A.Clem. 
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parentheses. For reference list at end of paper see papers in the latest issue for style. Titles of journals 
should be given in full. 
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Citations 

• Cite Type details in full, giving details from protologue and from specimen label separately if there 
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(Weston 1990: 21); isolecto K, MO. 
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Use accepted format: locality, collector & number, date (herbarium code plus institutional number if 
there is no collector's number) Only latitudes and longitudes on the original labels should be included. 
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Supply of Artwork 
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Artwork supplied as hard copy only 
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